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NOMENCLATURE

A area (inz)

D forebody diameter (in.)
specific heat ratio (-)
boattail length (in.)
Mach number (-)
pressure (psi)
radius (in,)
radius of curvature (in,)
Reynolds number (-)
separation distance measured from end of boattail (in,)
absolute temperature (°R)

measure of the local rate of acceleration near the nozzle lip

[12]

intrinsic coordinate system (in.)
angle-of-attack (deg)

boattail angle (deg)

control surface deflection angle (deg) or
velocity boundary layer thickness (in.)

displacement thickness of the boundary layer (in.)
momentum thickness of the boundary layer (in,)

specific heat ratio (-)

density (1b,/in3)

conical divergence angle (deg) or momentum thickness of the
boundary layer (in.)

Prandtl-Meyer angle (deg)
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viii

subscripts

b

e

back or base conditions

exit nozzle plane

external

free jet surface conditions
conditions at nozzle lip

model

stagnation state

prototype

flow conditions before normal shock
flow conditions after normal shock
throat conditions

free stream conditions

*See APPENDIX for nomenclature for a particular program,
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1. INTRODUCTION

High acceleration rates required for tactical missiles and the re-

S sulting jet-slipstream interaction can give rise to undesirable aero-
) dynamic performance., Degradation in performance is due to introducing
5_4 severe drag penalties through lower than ambient base pressures or, as
: - the ratio of jet stagnation-to-ambient pressure increases, by leading to
S plume induced separation [1,2]t, see Fig., 1. Separation, in addition to
et :’ increasing drag, can adversely affect missile stability and control
) o .
:.::: { surface effectiveness [3].
2’.‘ r’ The flow component method of Korst, et al, [4], has led to a basic
'r.‘ understanding of the problem, including the establishment of quanti-
2': o tative relations accounting for the influence of all the pertinent vari-
w Q ables and parameters, But confidence in the method to predict actual
separation locations, even for the simplest of vehicle geometries [5],
S leaves much to be desired.
' For actual missile or vehicle configurations, especially when large
‘, " angles-of-attack, canted fins and mixed subsonic, transonic and super-
": :':: sonic regions are present, the resulting flowfields are very complex,
. see Fig. 2. The usual support of predictive and corrective prototype
s"' ~. evaluations will, therefore, be strongly dependent on wind tunnel
-:'I modeling.
_"5;' r Even then difficult problems arise in dealing with the aerodynamic
::: 3 and thermodynamic effects of propulsive jet plumes. Because it is in-
:j: ~ convenient and often impossible to carry out wind tunnel experiments
NN
A e

tNumbers in brackets refer to entries in the BIBLIOGRAPHY.
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Figure 1 Flow Configuration for Plume Induced Separation from
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with the actual hot propellants, one must revert to appropriate methods

of plume simulation.

s_) Jet plumes have been generated in wind tunnels using a variety of :‘
: methods including the use of cold or heated air through geometrically !
j modeled nozzles, small rocket motors, radial injection and solid bodies ;-:
:‘.': which simulate the plume shape. Deficiencies inherent in these methods

i » can be traced to failure to account for such factors as specific heat g
‘_ ratio influence, mass entrainment, viscous effects, wake closure,

" temperature and plume deflection, Accounting for all of the pertinent i
: parameters in wind tunnel tests, simultaneously, is impossible. 'j
E': Requirements for modeling interactions include, in particular: o
"‘S 1. Geometrically congruent inviscid jet contours, -
'-"' 2. Correct pressure rise-jet boundary deflection (plume stiffness) ;i
| '.':‘\-f and

_' 3. Mass entrainment characteristics along the wake boundary.
" Realizing that the predominant dynamic interactions depend strongly -
on the specific heat ratio of the propellant and to a lesser degree on e
;':E: its temperature, several investigators [6,7] have performed cold gas ~
; tests using gases with specific heat ratios similiar to those of the
4 actual propellant at its elevated temperature. However, the large
e ~°
“‘ amounts required and the relative high costs of running with such gases .
. makes this type of testing often impractical. *\_'
A second approach to the problem is to design test nozzles so that
the dynamics of the actual plume can be simulated when the nozzles are 3
6\ run with unheated air. Investigators [1,8,9] taking this approach have f-.
4-3 used nozzles which meet the simple simulation requirements proposed by B
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Goethert and Barnes [10]. These include duplicating the initial plume
angle as the jet exits from the nozzle and matching the ratio of jet-to-
ambient pressure between the model and the actual (prototype) flow.

However, Love and Lee [11] have shown that duplicating the initial
plume angle is not a stringent enough requirement to cope with plume in-
duced separation where the curvature of the jet boundary is of im-
portance. An analysis of inviscid jet boundaries near centers of ex-
pansion by Johannesen and Meyer [12] provided a means for introducing
the initial plume radius of curvature. Korst [13] then interpreted
their work as a device for geometric plume modeling,

The assumption of conical source flow as an approach condition to
the nozzle exit, while greatly simplifying the analysis, becomes in-
accurate for nozzles where the transonic throat region produces nozzle
flowfields which are significantly different from those of ideal conical
source flow. Thus, the supersonic flowfield in axisymmetric nozzles as
affected by the throat wall curvature requires careful consideration
[14,15,16].

In addition, replacing a prototype propellant by an (inert) gas of
higher specific heat ratio, will generally lead to model nozzles with
smaller exit Mach numbers and exit wall angles. This, in effect, im-
poses a lower limit on the range of geometrical modeiing [17], see Fig.
3. The main problems are a relatively thick boundary layer [18,19,20],
shock formations [21], and manufacturing nozzle contours with small
conical divergence angles,

In order to avoid these effects and to extend the useful range of

model testing, the possibility of utilizing model nozzles with con-

...............
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. verging-diverging-converging (CDC) cross sections (including the con-

o ventional transonic near throat geometry), see Fig., 4, is here investi-
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2. PLUME SIMULATION REQUIREMENTS
Plume simulation is the attempt to achieve geometrically congruent
jet contours between the model and prototype flows with the most perti-

nent dynamic characteristics satisfied.

2.1 Geometric Simulation

Previous techniques have been inadequate in that they only du-
plicate the initial plume angle. The current method matches, in ad-
dition, the initial radius of curvature needed to adequately define the
plume shape bordering the near wake. With reference to Fig. 5, this can
be expressed as

8. = er and Req = RFp (1,2)
where m denotes the model flow and p the prototype flow. It is assumed

that the following parameters are given: M

. pr, Lp® eLp and MFp‘
o The geometric simulation parameters, B¢ and RF, are related to

x, A

flow conditions at the nozzle lip by a second-order series solution of

the axisymmetric compressible potential flow equations near centers of

KNG

expansion [12]. As a result of such an analysis, a model nozzle

configuration can be determined (for either ideal or non-ideal conical

<

et J '-.'J 1)

A

source flow) [17]. It is important to note that geometrical plume
modeling accomplished by this analysis, while establishing proper values
for initial expansion angle and plume radius of curvature, can be inter-

preted to be a second order initial condition for a more accurate deter-

;ni®

mination of plume contours by the Method of Characteristics (MOC). In
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S addition, it is significant that satisfying the geometrical congruence
o
b‘\ i! of the plume contour still leaves one free parameter available for
' N
- - achieving dynamic simulation,
o
5{ 2.2 Dynamic Simulation
Ideally the dynamic specifying condition should account for both
>
R} inviscid and viscid aspects of the plume. This apparently requires two
. closure conditions to be satisfied--the recompression ratio at the end
N
~ of the wake and conservation of mass within the wake. Due to geo-
E; metrical requirements, only one parameter is, however, available.
For studying plume induced separation, it is recommended [22] that
5; plume surface pliability be modeled to satisfy both the inviscid and
- . viscid interaction mechanisms of plume-slipstream confluence at the end
.. !B of the wake. The selection of inviscid pressure rise-deflection re-
= lations along the plume boundary was chosen because the jet plume es-
sentially contributes to the wake c¢losure through its inviscid jet
!f boundary geometries before and after impingement. The viscid aspects of
jet mixing, attributed predominately to the separated slipstream, are
diminished by the relaminarization of the nozzle boundary layer during
™ its rapid expansion after the nozzle exit.
For relatively small angular deflections (beyond the linearization
:: limits), the requirement for plume pliability (jet surface Mach number)
L, is found from Weak Shock Modeling (Program WSHOCK)'.
2
e
P
e
A
R fProgram Tistings are found in the APPENDIX.
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2.3 Calculation Procedure

One intends to model a prototype plume that results from yp,
MLp'eLp and MFp’ yielding an initial slope er and an initial radius of
curvature RFp' For a given model gas Yo using either Weak or Strong
Shock Modeling will determine Meme

For a selected trial value of M, the Prandt1-Meyer relation
for 8, and the analysis of Johanessen and Meyer [12] will yield the
radius of curvature Rp,. If a solution exists, it will be found by
satisfying REm = RFp'

Nozzle geometries, nozzle Mach numbers, and jet-to-ambient pressure
ratios can differ widely from model and prototype. These parametric
variations do not seem to impair the accuracy of matching the plume
surface geometry,

Due to the complexity of the iterative calculation procedures, one

must revert to computational solutions,
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b [ 3. FLOW MODEL

L-jZ: ) Although geometric simulation requirements involve only inviscid

(SO

.n_"‘ “. .

A flow mechanisms, the inherent dependence of the problem on viscous mass
u\:' ’

; . interchange requires viscid-inviscid analysis for adequate closure.

N 3.1 Nozzle Flow

"i 3.1.1 Inviscid Flowfield

Z-\:;Z_i - The inviscid analysis of the flow in the nozzle consists of

..-_.‘- .

o a series solution of the transonic flow in the vicinity of the throat
e :

.' ti and an inviscid MOC solution for the supersonic flow downstream of the

boTa

AN, throat region.

"-. 'P“

AR ()

}::: i The disturbing effects of throat wall curvature on the transonic

Rt

' E flow region require an accurate initial condition to properly calculate

SN the supersonic flowfield.  Transonic flow analyses by Sauer [15],
:-::}: _ Kliegel and Levine [16], or Dutton and Addy [23] can be used to provide
)

) l:, the noncharacteristic initial condition for the MOC nozzle solution,

f-;l: The MOC (Program CDCSECT) is then used to calculate the supersonic
b:‘\:l:j j:Z flowfield. Nozzle wall geometry and model propellant properties serve
'.' as input., Characteristics are calculated throughout the nozzle's region

--'! :'.

oot of influence on the developing plume.

<

-:':-': , The exit conditions of the inviscid nozzle flow serve as input to
o, o

NN

3"" 7 the MOC plume solution, see Section 3,2.1, and are also used in deter-
:'.'ij: o mining the second-order modeling scheme for non-ideal conical source
i flow,
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3.1.2 Viscous Boundary Layer Effects }

The viscid analysis of the nozzle flow is an extension of

established methods for compressible laminar-transitional-turbulent "

»
LN

boundary layer development [19,24] (Program GRTRAN1).

Beginning with the Gruschwitz [25] method for a laminar com- —'
pressible boundary layer, the transition to turbulent flow is based on a .
criterion related to the local Reynolds number based on an equivalent
displacement thickness as a function of the local second-shape factor o
[19]. The turbulent portion of the boundary layer was then calculated .
using a scheme based on the method of Culick and Hill [24]. No dis- ;
tinction has here been made between the point of instability and the -
actual onset of turbulence. .'::'4

Since it was found that the nozzle boundary layer was predominately el
turbulent (transition occurred before the throat), comparison with the ”'
fully turbulent results based on the Bartz method [18] (Program BARTZ) -\

was attractive., Close agreement between the two can be observed, see

o -
o~ Fig. 6. 4
=
-’~|
"\-,‘ Both methods utilize the approximate integral momentum and energy
L2 ‘e
AN -
® boundary layer equations which are solved for local velocity, displace- )
r\;.' ment, momentum and energy thicknesses. As part of the output, the BARTZ :
o
DY program calculates a Reynolds number (based on the velocity boundary
L -
EQ' layer thickness) that is used in the calculation of the free shear layer o
e
E;;f;:: development, see Section 3.2.2, and in the calculation of plume impinge- o
o e
-t ment, see Section 5.3. "
N
®. The boundary layer displacement thicknesses were small enough so j
'\$~ that an iterative procedure for obtaining improved inviscid nozzle flow
kj: &
E::: field solutions was not deemed necessary. o~
“
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3.2 Plume Development i
3,2.1 Inviscid Plume Boundary
The MOC (Program JETC) is used to calculate the expanded in- o
viscid plume boundary, The final characteristic line calculated by the
MOC nozzle solution, see Section 3.1.1, is used as a starting condition ;_;’
for the expansion centered at the nozzle exit. Jet surface Mach number
is specified to account for plume pliability, see Section 2.2. Circular 2
arcs are then fitted between the characteristic boundary points to ac- ;Z:‘
R}
count for angular variation in the plume surface.
.:‘
A second-order modeling scheme for non-ideal conical source flow =
(Program NOCON) is used as a comparison, see Fig. 7. Flow parameters at
the nozzle exit (ML, eL, U’l‘) calculated by the MOC nozzle solution, &
serve as input, .;
-y
3.2.2 Viscous Mass Entrainment vl
While it can be expected in cases involving large regions »
of plume induced separation that the mass and energy balance in the wake e
is predominantly controlled by the viscous mechanisms of the slipstream C;
.
e
(external flow), it is nevertheless of interest to investigate the
=
viscous mechanisms along the jet boundary., In absence of a confluent -
siipstream, plume impingement of solid walls will indeed be entirely )
controlled by the viscid-inviscid interactions of the plume alone £
[26]. Mass bleed may be necessary for the proper modeling of such im- t‘-
e
pingement flows [27,28].
o e
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. A computer program (Program FREES) is available for determining the —-

.

:;':f development of the free shear layer in the form of a two-layer com-
"~ .

::_:I pressible laminar-transitional-turbulent model based on local similarity “ﬁ:
Q":-\ . . . N )

= concepts [29], see Fig. 8. While it is not possible to make accurate

T;, measurements from the Schlieren photograghs, Figs. 9, there is general -
.:f:'; agreement between theory and experiments, N
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4, EXPERIMENTAL INVESTIGATION
4.1 Objectives
The objective of this thesis is to determine the feasibility of de-
signing and operating a CDC nozzle to extend the range of plume simu-
lation. To do so, the following were designated as specific objectives:

1. Establish limits for conical-to-conical nozzle modeling,

2, Design a nozzle based on theoretical analysis and explore the
extension of these limits by use of CNC nozzles,

3. Experimentally verify the theoretical calculations including
starting characteristics and flowfield peculiarities (coa-
lescence of disturbance lines, etc,), and

4, Netermine the potential and limitations of using such nozzles

as modeling tools.

4,2 Apparatus and Instrumentation

Two specific nozzle configurations were selected from a variety of
candidate configurations. The reason for the selection was that the two
produced the intended plume shape and had an almost constant Mach number
wall distribution after the conical supersonic expansion section. This
allowed changing the exit 1lip angle, eL, without a change in exit lip
Mach number, The CDC configuration was derived from the idea of
replacing the conventional conical supersonic expansion section and free
jet boundary by an appropriate combination of conical and circular arc
wall sections,

The two nozzles, see Fig., 4, were fabricated to study the effect of

throat wall curvature., This effect is evident in Fig. 10, As seen in
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Figs. 11 and 12, application of the Kliegel and Levine [16] throat so-
lution successfully predicts the transonic flowfield.

Since the analytical design process was done non-dimensionally, the
size of the throat determined all other dimensions. An analysis of the
compressor/storage system led to a throat radius of (0,375 inches,

The wall pressure data and Schlieren photographs were taken with
the nozzles exhausting into the ambient. Pressure measurements were
taken with a conventional transducer-scanivalve-amplifier setup. An
Apple lI-e computer was employed as a data reduction/recording device.

For the impingement and stagnation pressure data, an enclosure was
fabricated. The enclosure served several uses, it positioned the ex-
haust tube that the impingement data was taken from, it secured the
pitot probe, it allowed evacuation of the test section (lowering the
back pressure) and lastly it significantly decreased the noise level
during tests, If mass bleed was necessary, a metering valve could
easily be connected to the enclosure.

Pressure taps in the exhaust tube provided a means for collecting
impingement data. The inner radius of the tube was 1.4 times larger
than the nozzle exit radius. This allowed plume expansion with the
assurance of impingement.

A1l testing was done at the Gas DPynamics Laboratory, DNepartment of
Mechanical and Industrial Engineeriné, University of Il1linois at Urbana-

Champaign,
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5. EXPERIMENTAL RESULTS 3
o 5.1 Nozzle Wall Pressure Distribution

Nozzle wall pressure data taken from the models are shown in
Figs. 11 and 12 compared to the MOC (Program CDCSECT) and one-

dimensional solutions. Note the constancy of the Mach number after the

"'/ conical divergence section, .
oo o
,--~ '
T::Ejf 5.2 Plume Development RS
5.2.1 Plume Shape Comparison =
'" The Schiieren photograph, Fig. 9c, was used to compare the EE
::S; inviscid solutions of the MOC (Program JETC) and of the second-order,
’\w non-ideal conical source flow approximation (Program NOCON). The com- '-\.
:'\-" parison is shown in Fig. 7. -
f; In Fig, 9, note the disturbance lines emerging from inside the "
:_- nozzle. These were predicted and can be shown graphically on a plotting "-
3

version of the MOC nozzle solution (Program CDCSECT). The disturbance

f
~
-~ sd

:::}f lines are focused by the concave wall curvature of the nozzle and

LG

A . . .

eventually coalesce into oblique shock waves, Neither program, JETC or ’:
NN A
X . . . . : .
'y NOCON, takes these disturbance lines into account in calculating plume o
:::.'.‘ shapes. Even so, agreement between calculated and observed plume -
L -
B> -
) boundaries is satisfactory, see Fig. 7.

o .
;‘: Even though the coalescence of compressive disturbance lines cduse oy
:I::j.; discontinuities in plume slope, this is detrimental only if the coa-

'zi:‘ lescence occurs upstream of the confluence with the external slipstream

' or if it interferes with the plume boundary in the wake closure region, .
-
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5.2.2 Mach Number Survey
The survey was done by measuring the Rayleigh-pitot stag-
nation pressure using a 0,050 in, diameter pitot probe and using normal
shock relations to determine the Mach number My . Figure 13 shows the
comparison of experimental data with the inviscid solutions (Programs
COCSECT and SECTP).
Non-parallel outflow, shock wave interference, and mechanical in-
accuracy are some of the reasons why the theory does not better predict

the Mach number distribution,

5.3 Jet Impingement on Solid Cylindrical Surface

The impingement study was done to further characterize the modeling
capabilities (or limitations) of the CDC configurations. The theo-
retical calculations (Program ASUEXP) have been previously determined to
be reliable [30] for predicting viscid and inviscid impingement aspects
of conventional converging-diverying nozzles discharging into sudden en-
largements in cross section,

In the present study, predicted and measured pressure distri-
butions, see Fig. 14, were analyzed. While in agreement for base
pressure, they exhibit distinctive differences near and after plume im-
pingement, This may be attributable to the proximity of the coalescent
compression waves, which are presently unaccounted for by the inviscid
jet plume boundary calculations. The calculated length of the viscid
interaction region, (Xjnyiscid~Xviscid)/Tes ¢€an be considered as a
measure for the pressure feedback domain through the impingement wall

boundary layer., This serves as an illustration for the limitations in-

herent in the use of CDC nozzles alluded to in Section 5.2.1,
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6. CONCLUSIONS

- 1. Success of the general modeling scheme has been established in as
much as the method allows simulation of aerodynamic plume inter-
action effects of great detail even under complex operational con-
ditions (large angles-of-attack, boattail, etc.), see Fig. 15.

2. The CDC nozzle configurations do extend the range of geometrical
modeling, see Fig., 16, allowing the modeling of prototype nozzles
with lower exit 1ip Mach numbers using model propellants with higher
specific heat ratios.

;3 3. The wall curvature of the end section of the CDC nozzle produces

convergence of compressive lines which leads to plume boundary de-

flections downstream of the nozzle, this limits the modeling range

! unless large radii of curvature, R/r*>8, are used or these effects

are downstream or small in the region of interest.

“a 4, Agreement between predicted and experimentally determined flow
l fields (inviscid and viscid), within the limits stated above, has
. been observed.
5. While plume-slipstream interactions have not been carried out in
this investigation, it can be expected that the successful extension
L f; of the modeling methodology can be established by experimentation in
E’; . appropriate wind tunnel facilities [31],
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Figure 15 Qi1 Flow and Schlieren Photographs at a = -10°
and P = 1.00 MPa for the Freon (Prototype) and

Air (Model) Nozzles

(a) Freon ML = 2.6
(b) Air ML 1.41
(¢) Air ML 2.03
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. APPENDIX
= This APPENDIX is a compilation of all of the computer programs that
’;'f were used in this thesis, Almost all of the theoretical work done for ]
; the thesis has been incorporated into these programs which were de- ‘
:':I veloped in the Department of Mechanical and Industrial Engineering, Uni-
: versity of Illinois at Urbana-Champaign, Urbana, I1linois. Because of 4

the number and complexity of the programs, each is listed with a brief

discussion of what the program does, the input and output and pertinent
.\' nomenclature.

.'“ The listing includes the following programs:
: program page

!’ CDCSECT 34

. JETC 46

NOCON 53

) WSHOCK 56

SECTP 58

',::Z PSIM 67

- GRTRAN1 72

.i' BARTZ 80

- FREES 86

2 ASUEXP 91

A1l programs, unless otherwise stated, are written in BASIC and
were run on the CYBER 175. As an aid in understanding what each program
does and its relationship to the thesis and other programs, a flowchart

is included on the following page.
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F = 36
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s ;
- RS
s § Program CDCSECT

1.‘ Y ]
b Program CDCSECT calculates the inviscid supersonic nozzle flowfield ‘4
- by the MOC after the transonic flow region has been calculated by a 2
- method based on the analysis of Kliegel and Levine [16]. Individual '
'* N characteristics are printed and the last characteristic line is stored :
¥ Ii-", in file "SONIC" to be used as input for Programs JETC and SECTP. In .
{ addition, a routine has been added to allow the calculation of flow b
% -;.-: properties at a given cross section, .
rd N
e . .
3 1nput !
D

s ' xplanation

o quantity symbol explanatio

¢ ~ -

. Y GO specific heat ratio

o .
, ! re/r* 00 nozzle exit radius' ;
- .

'i - R*/r* co throat radius of curvature,

" |."

8 o (see Fig. 4)

R ) T0 conical wall divergence angle (deg)

S

\ -

¥ k number of points in the MOC net

PR

WA . .

> o X4 x location of the end of the conical

e divergence section, measured from .
Y the throat :
N R/ r* uo radius of curvature for the circular

-

e arc s
_'5,- ,"}' Lo x location, from the nozzle exit,

¢ °- K
'.'_: . for flow profile determination

Q"
\' ~

-'\ "‘

o *

ey TAT1 nozzle dimensions are non-dimensionalized by the throat radius.
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output

- '\-

x/r*, r/r*, M* and 6 (deg) at distinct points throughout the flowfield
i 3

ML s eL and Ul* at the nozzle lip
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R
100
& 110
g 120
130
140
150
140
‘ 170
- 180
T 190
: 200
- 210
° 220
-, 30
N 40
Y 250
SO 269
- 270
l! 280
290
300
- 510
- 320
) 330
340
L 350
T 140
370
Do 380
P )
239
:T. "': 410
N 420
N 430
. 440
DN 450
PR 440
7 _ 470
oo 480
RO 490
- 500
FOESS
e
n‘,'
Lo

'V"W' L2 A St R at bl it Mg Bt S s Y DA ial el e LSl ing i ¥ MRS R AR 2l B

S .. - .-
NN R = sk - BN

70 FILE H1="SONIC®
B0 DIN A$(3),B$(3),C8(D)
90 B$="YES"

...................

39

r - T N T SR

- . e e e - -

GOTO 5140

IF X3>E AND P<O THEN 2139

Y3=X2

Y4=X2+4 (U0 (SAR(1-C(22-Y3) Y0)~2)-COS(TOI)+2I3-R23/T?
IF ABS(Y4-Y3)<0,.0001 THEN 170

Y3=Y4

6070 130

X3=Y4

R3=R2+(X3-X2)+T9

TI=FNZ{(Z2-X3)/U)

GOTD 2140

DIM X(9,11) ,RCO, 11D, MC9,11),TC9,11),0(3,14),E(3,14),FIT 14)
DIM 6(3,35),K(73,H(7),147),0(7),9(4,20)

DIM POT, B0 1) ROy 00 oy s

NEF FNR{X:=ATMISAR(1-X*X)/X)

DEF FNA(X)=ATN(1/S@R(X*X-1))

DEF FNS(X)=SQR(21+#X/SORCEO+1-/F0-1)#XtX)

DEF FNQ(A)=1/(MeTAN(A)) ,

DEF FNF(AY=SIN(T)*SINCA). SIN(T+A)

DEF FNG{AY=SIN(T)®SINCA)/SIN(T-A)

DEF FNZ(X)=ATN(X/SAR(1-X*X))

PRINT "CONICAL NOZZLE SECTION STARTS AT X="X7;"R="R7
PRINT “FOR CDC NOZZLE INFUT X4:X7:0=";

INPUT X4

IF X4=0 THEN 420

I3=R7+(X4-X7)+TAN(TO)

FRINT "ENTER RADIUS QF CuU&V.,CDC SECTION=";

INFUT UG

FRINT "CURVED WALL STARTS AT {="Yd"a™ 2p{lQ="7300ritit: 0F 4y, = in
TOZAIRN N IINITO

FRINT "MAX., RADIUS OF NOZZLE="Z3+4U0+{1-COS(TO))"AT X="12
GOTO 6040

1=§=P=y=1

PRINT “NOZILE EXIT AT X="E

N2N=20=0

1=+

FRINT "INITIAL FOINTS ALONG NON-CHARACTERISTIC CURVE"
FRINT “1=1*

FOR J=1 T0 K

PRINT J,X(I,0),R(1,,NM(1,0),T(1,.D)

NEXT J

i
|

i
{
l

A AT A AN AT AN



A

P -

b s "

e 510
N 520

- 530
540

:..\:::‘ E 50
! 940
":\ 570
AR 80

P 590

. 400
YO 610
00 $20
- 630
R &40

"o 450
149

e 70
Nt 429
—l 590
e 695

g a4
492

B 705
R 704
. 92
720

"30

740

N 750
S 740
o 770
> 780
790

_ 800
o 210
e 340
_-:: ¢ 3470
%y 80

- 990
2. 900
N 910
kﬂiﬁ 220
X 230
N 740
=G 950
o 940
el 970
tt;: 989
oo 790
.

“

40

PRINT
PRINT

PRINT "FLOMFIELD COMPUTED, ALL FOINTS PRINTED"
PRINT

GOTO 740

FOR J=1 TO K-S
X1=X(1,J)
X2=X(1,J+1)
R1=R(I,J)
R2=R{I, J+1)
H1=N(I, )
H2=M(T, J+1)
T1=T(L,0;
T2=T(1, 0+
30508 910

YiI+1, 13243
PoTet nieRT
WiTet, 1i=N3
TiI+1, =13

IF X3-LO AND X1°LO THEN 897
60TO 795

GOSUE 4675

IF X3:L0 AND X2°L0 THEN 707
GOTO 729

GOSUE 6730

NEXT J

RETURN

3OSUB 540

IF 1=1 THEN 810
IF 230 THEN §10
IF P<0 THEN 6190
GOSUE 1350

GOSUE 2210

GOSUB 1850

GOSUE 2030

I=1+1

§=5+1

Vl+1

2=-7

IF I<3 THEN 920
GOSUR 5910

6070 40

H9=M1

A1=FNACFNS (1))
A2=FNA(FNS (H2))
Ad=A1

AS=42

T4:=T1

15:T2

1000 M4=M1
1010 H5S=N2

P
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* 1020 R4=R1
1030 RS=R2

1040 X3=C(R2-R1+X1eTAN(TA-A4) -3 24 TANCTSHAS)) /( TANITI-A4) TAN(TS+AS))
1050 R3=R1+(X3-X1)sTAN(T4-A4)
1060 T=T4

1070 A=A4

1080 M=M4

1090 Q1=FNB(A)

1100 G1=FNG(A)

1110 T=T5

1120 A=45

1130 #=NS

1140 Q2=FNOCA)

1150 IF R2=0 THEN 2180

1160 F2=FNF(A)

1170 M3=((T1=T2)+61#(R3-R1)/RA+F22# (R3-R2) /RS+Q1«N1+Q2+H2) /(1 +02)
1180 IF M3>1 THEN 1200

1190 H3=M1

1200 T7=02+(M3-H2)-F2#(R3-K2) /RS
1210 T3=T2+77

1220 IF ABS(M9-#3)0.0001 THEN 1340
1230 H9=M3

1240 T4=(T1+TT)/2

1250 T5=(T247T3)/2

1260 H4=(H1+K3)/2

1270 M5=(N2+N3) /2

1280 A3=FNALFNS(ND))

1290 A4={A1+A3)/2

1300 AS=(A2+A3)/2

1310 RS=(R3+R2)/2

1329 R221R34R11 2

£330 60TO 1040

1340 FETURM

1150 Yo=Y, 1)

1360 R2=R(I,1)

1370 H2=M(1,1)

1380 T2=T¢1,1)

1390 AZ=FNACFNS(A2))

1400 ¥9=12
: 1410 AS=A2
= 1420 T5=12
e 1430 M5=N2
- 1440 RS=R2
R 1450 T9=TAN(T5+A5)
‘o 1460 IF X2>X? THEN 2120
3T 1470 IF X3:X7 THEN 2120
3Ol 1480 IF K$="YES" THEN 1400
ORI 1490 X0=((X2*T9-R2)+19)/(T9419-C0)

1500 X9=(R2#R2+X2*X2#T9+T9-24R2:4X2:4T9-1)/(T7T9-L0)
1510 X3=+X0+SAR(XO0*X0-XD)
13520 IF X3>X7 THEN 2120

FrHate e e
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1530
1540
1550
1560
1570
1580
1590
1400
1419
1420
1430
1640
T 1650
.. 1660
) 16790
1480
1690
1700
1710
172
1730
1740
1750
1760
1770
1780
1790
1800
1810
19820
1821
1822
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020

LA AL

| KAA

Il‘-
RPASY

ol 2l e ACare o ol
RSO YT

"'.' LA Mt et T et et

Lo e "a

o

42 3
R3=SQR(1+COsXI*X3) - %
T3=C0sX3/SAR(1+CO#X3:+X3) oo
T3=ATN(T3) o
02=FNG(AS) —~
F2=FNF (AS) o
H3=M2+ (TI~T2+F2#(R3I-RK2)/kS) /02
IF B$<:"YES" THEN 1700
X0=CO+1-R2+T2#X2
X9=TOwX0/(1+T94T9)
X3=X9-SAR(XP#XF+(CO+LO-X0+X0) /(TI*T9+1)) —

IF X3:X7 THEN 2120

R3I=1+CO*(1-SQR(1-X3+X3/(C0+L0)?)

T3=ATN(1/5QR(CO+CO/ (XI*X3)~1))
FRINT X3,R3,T3%57,2958
02=FNO(AS)

F2=FNF(AS)

H3=M2+ (T3-T2+F2¢ (R3-R2)/RS) /02
IF ABS{N9-43)<0.0001 THEN 1780
H9=N3

T52(T2+73)/2

HS=(M2+N3) /2

AJ=FNA(FNS(M3))

AS=(A2+A3) /2

RS=(R3+R2)/2

GOTO 1450

X8=X3

RE=R3

Ng=M3

8=T3

IF X3:10 AND ¥2 L0 THEN 1322
GOTD 1840

50SUR 4730

RETURN

FOR Jzk-c+1 “C t STEF ¢-1)
LD CAETERES ERESIN D

ROT#1, J+1)=R(L+1,.0)
HiI+1,Je ) =N+t )

TCIHL, J+1=T(I+1, D)

NEXT J

J=t

X(1+%,1)=X8

R(I+1,1::=R8

H(I+i,1)=M8

T(I+1,1)=18

IF X(I+1,1)¢X7 THEN 1990

IF P<0 THEN 1990

GOSUB 2570

K=K+2

IF FCO THEN 2020

IF X(I+1,1):E THEN 2740
RETURN
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A

\.__: :
oy 2030 IF =2 AND P<0 THEN 3020

G 2040 PRINT "ROW HU="W
+ 2050 FOR J=1 TO K-S

ool N 2040 IF J<Q@ THEN 2100

N 2070 IF J=@ AND P:0 THEN 3040 ,

o 2080 PRINT J,X(I+1,0),ROI+1,00 HCI+1, 00, TEI41,0) 52,2958 ‘
SN 1100 NEXT J ;
e, 2110 RETURN |

2120 IF X3>¥4 AND X430 THEN 110

R 2170 XI=(R2-R7+X7*TAN(TO =X 24TV /{TAN(TO)~T9)
D 2140 R3I=R7+(X3-X7)4TAN(TO)
o 2150 T3=T0

RO 2160 IF B$="YES" THEN 1470

SR 2170 60TO 1560
( I 2180 N3=(Q2+M2/2+T1+Q1+M1 #6147 RI-R11 /R4 /(A2/2+Q1)

- 2190 T7=02+(H3-H2)/2

e 2200 GOTO 1210

Ny 2210 X1=X(I,K-5+1)

Ao 2220 R1=R{I,K-§+1)

o 2230 M1=M(I,K-S+1)

.' -~ 2240 T1=T(I,K-5+1)

~ 2250 A1=FNA(FNS(N1))

A 2260 M9=1.01

e 2270 A4=A1

e T 2280 T4=T1/2

> 2290 M4=M1

2300 R4=R1/2
2310 T9=TAN(A4-TA)

™=

o 2320 X3=X1+R1/T9
Oy 2330 G1=FNG(A4)
S 2340 Q1=FNQCA4)

2350 MI=M1+(T1-61)/M
2350 PRINT "M3,AXIS="m3
2370 IF ABS{MI-M9):0.0001 THEN 2430

’

~ PO
yeu

)

NI 1380 M9=H3
.. 2190 N4=(M1+K3)/2
N 2400 AT=THAITNG (NI
ASATEN 2410 34=1AT4AT) 0
° 2420 6OTR 3
SN 730 Y (I41,K-S+1)=X3
" b 2440 R(I+1,K=-5+1)=0
el 2450 MUI+1,K-5+1)1=N3
S 2460 T(I+1,K-5+1)=0
S 2470 IF X3°LO AND X1<L0 THEN 2472
PRl 2471 GOTO 2490
. 2472 GOSUB 4679
O 2490 RETURN
e 2500 FOR J=1 10 K-S
N 2510 X(1,0)=X(3,))
C 2520 R(1,0)=R(3, )
° 2530 M(1,0)=M(3,0)
P

Yl

CACEERN

J':: ':-

N
M

Q:

X

“»
[ As

NSNS
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N 2540 T(1,0)=T¢3, 1) !
NS 2550 NEXT J
m 2540 GOTO 2020 »
A 2570 D1=FNA(FNS(M(I-1,1))) -
PN 2580 D2=FNA(FNS(M(I,1))) ’
o 2590 D3=-COS(D1)+COS(D2)+M(I, 1)/ N(I~1,1)
S 2600 D4=SORC(X(I-1,1)-X(I,1)) 2+ (R{I-1,1)-R(1,1))"2)/R(I-1,1) T
A 2610 U1=D3#M(I-1,1)/D4 e
2820 FRINT "Ut*="U1
2430 DS=DI/DA+SIN(TOI+(SIN(2)) " Z =
2410 D&=DS/(264CISIIINVD) >
2450 FRINT "ACCELESATION TERM="D4
2660 PRINT “AT WALL POINT WHERE R/R*="R(I-1,1)"AND X/Fe="X(1-1,1) "
2670 PRINT 3
2680 PRINT
2690 RETURN .
2700 PRINT "EXIT CONDITIONS FOR M#="FNS(M8) <
2710 PRINT “AT X="X8;"R="RS;"WHERE THETA="T84%7, 2958"DEG" N
2711 Bé=X8
2712 B7=R8 N
2713 B9=H8 s

2714 B9=T8
2714 FRINT ..
2735 60T0 3000 N
2740 U1=0 -
2750 GOSUR 2950

2760 WO=CE-X(I-1,1)2/CX{I+3,1)-X(1-1,1)) e
2770 PRINT WO =
2780 H1=X(I-1,1)+(X(I,1)-X(I-1,1))4H0

2790 H2=R(I-1,1)#{R(I,1)-R(I-1,1)) U0 3
2800 H3=M(I-1,13+(H¢T, 1) -H(I-1,1:1%N0 N

2810 EA=TCI-1, 10 #0TEL,10-T(L-1,157t4a
1920 X(I,1i=4"

2930 ©iT,V=HT EE
2240 74100282 v
T850 M(I,1)=H3

2860 GOSUE 1390 x
2870 IF ARS(WO-U1)<0.00001 THEN 2700 "
2880 R(I+1,1)=R8

2890 X{I+1,1)=x9 -~

: 2900 W(I+1,1)=N8 N

.ﬁﬁ 2910 T(I+1,1)=T8 ’

*n 2920 W1=U0 .

e 2930 GOTO 2749 o

: 2940 6OTO 2700 -

A 2950 Vi=X(I,1) _

o 2960 V2=R(I,1) N
< 2970 V3I=T(I,1) “
N 2980 V4=M(I,1)

2981 A4=U1 R
2982 47292 K]
2
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LA

NP

s

-. _'l. V.l. A.

1983
2984
2990
3000
3010
3020
3030
J040
3050
30460
3070
2080
3090
130
3140
7150
5160
170
3180
5190
5200
5210
5220
5230
2240
5242
5243
5244
7250
5260
%270
5280
3299
11300
I
%320
5330
%340
5330
5360
%5370
5380
5390
5400
5410
5420
430
5440
5450
54460
5470

AB=V3

A9=U4

RETURN

P=—1

E0TD 2020

G=0+1

GOTO 2040

N=N+1
D1,NY=X(I+1,0)
ECT,N)=R(1+1,J)
FOLN)=HCT#T, 00
G(1,N)=T(I+1, )
GOTQ 2080

PRINT "TRANSONIC THROAT FLDW AND' SUFERSONIC CONICAL NOZZLE, 1/12778"

PRINT "KLIESEL THRQAT SRLLTICON

FRINT "USC OF YLTIREL-S THIRD ORDER THROAT FLOW SOLUTION ®
REM: CONVERGENCE EXPECTED FIR R=1

PRINT "ENTER GAMMA=";

INFUT GO

FRINT "GAMNA="G0

FRINT

“‘:lONO"

PRINT "ENTER EXIT RABIUS=";

INFUT 00

PRINT "EXIT RAIIUS="00

PRINT "ENTER X/R,E FOR FLOW PROFILE DETERMINATION",
INPUT LO

PRINT "FLOW PROFILE DETERMINED AT X/R,E="L0
GOTo 5290

PRINT "ENTER EXIT MACH #=";

INPUT MO

FRINT "EYIT NACH R="M0

FRINT

FRINT "ENTER THROAT RADIUS OF CURVATURE=";
INELT OO

PRIIT “THROAT RADNTUS 0OF CURUATERE="D0

PRINT "ENTER CONICAL UALL DIVERGENCE ANGLE (DPECI=",
INPUT TO

PRINT "WALL DIVERGENCE ANGLE="TO"/DEG)"
FRINT "ENTER # OF FOINTS FOR NET=":

INPUT K

FRINT "NUMBER OF INFUT FOINTS=";¥
10=70/57,2958

X7=CO0+SINITO)

R7=14C0*(1-SORCI-(X7/00)"2))

PRINT

GOTO 5440

PRINT "NUMBER OF INITIAL POINTS="K

FOR X=0 TO X? STEP (X7’10)-1E-0%

PRINT

Y0=1+4CO*(1-5QR(1-(X/CO2"2))




e 5480
e 5490
t 3500
S, 5510
ST 520
e %539
e 5530
T 850
U 3560
ol 5570
o 5580
T 5390
—t 5600
‘.\‘: 5610
5420
:- ~ 58390
;ij: 7640
o 7630
NN 5460
o 5470
1680
N 5490
Q4N 5700
.:_:': B0
. 20
2 57390
{ 5740
o 7590
N 5760
e 5270
. 5780
- 5790
. 5800
R %910
SR 5820
e 819
Y 1840
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® 71960
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PRINT "X="X
J=t

FOR Y=0 TO YO STEP (Y0/(K-1))

GOSUR 5340

PO, )=

i1, =y

1= 141

NEMT Y

IF BC1,1)31.025 THEN 5590

NEXT X

GOTO 5440

FOR J=K TO 1 STEP (-1)

XU1,Ke1-0)=P (1, 0D

RO1,Ke1-)=Q(1, 1)

MOT,Ke1-0)=BC1, 00

TR+ 1-0)=CC1, d)

NEXT |

6OTO 310

20=X4SAR(2C0/{G0+1))

L1=Y#Y/2-0.25+20

L2=((2#60+9) Y 4- (4+50+15) YY) /24
L2=L2+(10%G0+57),/ 288470+ (Y+Y-0,425)-(2460-3)¢20° 3%
L3=(554460"2+1899%60+3231)4Y"4/10348- (388460241233 450+1953)+Y" 42304
L3=L3+/ 204460 248585041240 1kYxY,/ 1728-(2708+60"2+7839+60+14211) /82942
LA=L4+ (92450 24180450+439) /1152
LS=({13460-27)/48-(5450-5) kY £Y/B)¥Z0+Z0+Z0#I0KZ0 i (4460 2-T7+60+77)/144)
L3=L3+20%L4+LS

BUV,J) =1 401/ (CO+13+(L1+L2)/(CO+1 )24 (L1+24L24L ) (CO+1) "3
NE=YRY$Y/4-Y/44Y+Z0

N2=(8+GO+15) Y 5/72-(204G0+45)¥Y " 3/94+(28+60+75) /288
N2=NZ4ZO*((45G0+9) #Y 3/ 12-(4550+9) Y/ 12)

N3=(6836%60 " 2¢16495%60+14211)4Y"7/82944- (338060 2+B70TG0+787%) Y "5/ 12804
NI=N3+(3424%G0"2+9183#G0+8944)+Y"3/13824

N3=NJ-- " 0045072419575 «50420745) ¢y 122941

NA=SS30R0 241113+G0+981)wY 5/1728- (78856 2+501 +50+493)4Y 3,574
NA=NA+(204+G0"2+645+¢G0+549) +Y/844

HS5=20#Z0* ((52#G0"2+3460-33)#Y"3/192-.52660 2427460 -91#Y/ 192}
N§=Z0°3¢i560+1)#Y/4

N3=NI+Z0*NA+NS-N6

Z9=5QR((GO+1)/(241C0+1)))

CO1, ) =298 (NT/(CO+IDI 4T, SNTHNDY/ (COHT) 24 (154N1/8+2, SEN2#NT) /(CO41) ")
RETURN

FOR J=1 TO K-5+1

X(1,4)=X(3,J)

R(1,0)=R(3,J)

M(1,0)=Mi{3, )

T4, =T(3, 0

NEXT J

1=1-2

RETURN
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- 4060 E=(00+U0+COS(TO)-13) /11
S070 PRINT IS COC (NOT L0Y NDITZLE MWANTED?";
4080 INPUT C$
v 5090 IF C$<-"YES™ THEN 6129

4100 E=FNB(B)

e 4110 GOTO §170

) 120 B=-FNE(R)

. 5170 E=X4+U0* {STN(TO)+STH(B))
4175 LO=E+L0+00

r- 5180 5OTO 420
- $190 GOSUB 2570
5200 GOSUBR 540
N 5210 FOR J=1 T0 K-53
> 4220 PRINT I,J,%X(I,0),R(1, D

$230 NEXT J
4240 I=141

Sl 5250 §=§+1

a e 6280 IF 11-5<0 THEN 6280
T 5270 GOTO §200
s :; 4280 Xé=x(1,1}
e | 5290 Ré=R{1,1)

A, 4300 FRINT "NOIZLE EXIT CHARACTERISTICS NORMALIZED AND STORED IN FILE ~SONIC.
. 53110 PRINT " N Xi1,A 81,4 BTN TE1, NI RAL
s 311 FOR M=I-1 T0 2 STER (-0
N A2 XN+T, 10240 1)
N L. 9313 R oMt 1r=R0N, )
) ATY sl 1y a e
SIS TINET, 1 ETUN, 1)
4316 NEXT N
N 5117 5070 4500
o 5320 FOR N=1 70 1
6330 Y01, M) ZEX{R, 10483 /Rs
4340 RO1,N)=R(N, 1) /RS
L, 6350 M1, NIZHN, 1)
o 5380 T, NI=T(N, 1)
‘ 4370 PRINT USTNG 4380,N,X71,8),R{1,80 M01, 05,701, 0)
N 5380 1 MM HELRNER  HNLAHNN WL PRI
) 4385 ERINT R1,X01,8),ROT,NDHIT, 00, T01L 10
- 6390 NEXT N
o 4195 CLOSE #1
e 4490 ST0P
W 6500 X2:48
e 4510 R2=47
S 5520 N2=49
‘e 5530 T2:48
- 5540 X1:B§
5 4550 R1:R7

N
“ela
AV
.
.

6560 ¥1=B3
5570 T1=B9

~ ey,
2l

.

»

N 4580 GOSUB 930
®. " 4830 X(2,1)=X3
3
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DR

‘-

48

)
LS

5640 R(2,1)=R]
4650 T(2,1)=T1
{ 5660 M(2,1)=M3
4670 GOTO 6320
4475 PRINT AT CRG35 SECTION Y.p F="0 3

]
AR
PPN

~ 4680 B=R+1

> 4635 B1=(L0-X1)/(X3-X1)

: £690 V(1,RV=L

( 6895 V(2,B)=R1+{R3-K1) ¢RI

o 4700 V3, B)=M1+(M3-M1)+BI

N 4705 V(4,B)=T1+(TI-T114R1

- $710 FRINT USING 4715, B,10,Vi2,%: 03,8, 3,B)+57, 7978

s S7UTTHERRNRN.  REORNER HHLHENE RELHHER 2. HHNd

~ 4720 RETURN
( 5730 PRINT "AT CROSS SECTION X/R,E="L0

: 5735 B=B+1

- $740 B2=(LO-X2)/(X3-X2)

4 6745 V(1,B)=L0

g 5750 V(2,R)=R2+(R3-R2)+B2

- 3755 V(3,B)=H2+(M3-M2) #R2

r 3760 V(4,B)=T24(T3-T2) «B1

> 5785 PRINT USING 5715,%,00, 0 2,80, 003 B (4, 8157, 2958

- 5770 RETURN
K-, 4730 END
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Program JETC

Tl ¢ ¢
A‘nd‘
.g .-

T -
oy Program JETC calculates the inviscid plume shape using the MOC.
-\':\ N

::::?_ - The last characteristic line, calculated and stored in file "SONIC" by
.. . program CDCSECT, serves as a starting condition,

&'-\ :._

N

Y 55 input

LN

{ quantity symbol explanation

SN

N Y GO specific heat ratio

S

oY ML MO exit 1ip Mach number

'\"3 ;::

o re/r* 00 exit radius

N

PSR MJs M6 jet surface Mach number

sy K number of points in MOC net

';-::a .

(_ b output

T x/r‘ef, r/re and 6 (deg) for the plume
T
oy L. ; : . . . _ .
NN N tAll plume dimensions are non-dimensionalized by the exit radius,
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50

0

’uf

S0 00005 PRINT"PROGRAN JETC" -
b (0010 PRINT "JET BOUMDARY FOR GIVEN NOZZLE EXIT CONDITIONS,HHK, 1/31/78"

" 00015 PRINT "FLOW THROUGH NON IDEAL C_D NOZILE" "8
tagy 00020 DIN A$(3),B$(3) f!
A 00025 PRINT “ENTER GAMMA="; :
-~ 00030 INFUT GO -
R (00035 FRINT "GAMMA="GO -
o 30040 PRINT L

:0045 PRINT "I5 EXIT MACH # GIVEN?":

D05 THRUT A% =
i A0055 TF sn=tifie Ay 1 o
- 3E9 PRINT YSNTER EXIT =80]1g="; )
o 00065 INFUT 00 s
SN 00070 PRINT "EXIT RADIUS="00 -
{ 00075 GOTO 110 -

N 00080 PRINT "ENTER EXIT MACH #=";

- 00085 INPUT MO
;j: 99090 PRINT "EXIT MACH H="HO

o 90095 FRINT “ENTER JET SURFACE MACH #=";

[ 00100 INPUT Mé .
00105 PRINT “JET SURFACE MACH H="44 &~

\ 00110 PRINT
00115 PRINT “ENTER # OF POINTS FOR NET="; o~
00120 INPUT K Q

09125 K0=K

00130 PRINT "NUMBER OF INPUT FDINTS=";K .
00135 PRINT "INFUT FROM SONIC FILE?"; L.'
00134 INFPUT B$ -

o~
A
‘ I A o B R

b 20137 IF E$="YES" THEN 1390
NN 00140 DIN X(21,11),R(21,11) ,K(21,11),T¢21,11) 2
3? (0145 DEF FNACX)=ATN(1/SOR((*X-1)) -
NN 09150 DEF FNS(X)=SAR(2)#X/SOR (G #3~1s =1 ine.X) '
)) 00155 5T Tuuits imeTiitay) .
T, N0160 GEF FNECAVZSINTIESINGA) /SINCT +A) ™
o 00165 DEF FNG(A)=SIN(TI*SIN(A)/SIN(T-A) a
y 00170 PRINT "INITIAL POINTS ALONG CHARACTERISTIC CURVE®
SN .
o 00180 =1 3
N 00185 FRINT “I=1" e
° 0190 FOR J=1 T K
= 00195 INPUT X(1,),R(1,0),M¢1,0),T(1,0) -
o 00200 FRINT J,X(I,J);RCT, 00 3M(1,003TC1, 0 ot
S 00205 NEXT J '
.t 00210 TO=T(1,1) .
- .
- 00215 PRINT ~
r 0220 PRINT 2%
= 00225 PRINT "FLOVFIELD COMPUTED, ALL POINTS FRINTED"
o 00230 PRINT" J X R He THETA" 4
o 00235 PRINT e
e
oy A
3 A
-
-.l
7 =
q.:) ‘}c
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ot
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R A et '}
D L

S

VAN

7 00240 PRINT

. 00245 §=1
1€ 00255 IF 11 THEN 270
SRy 00260 60TO 850

- 00245 I=1
AN 00270 GOSUB 285
(] 010280 GOTO 345
N 09285 FOR J=1 T0 K-t

DOZIN F12X{TH, 0

Ty Y LEIRECTERIN IS
W AEIC) R1SROIAT, 2
1305 RI=RIL, S41
NS D0310 WI=H(iel,J)
Ko 00315 H2=H(I,J+1)
{ 00320 T1=T(I+1,0)
00325 T2=T(T,J+1)
< 00330 GOSUER 395
e 00335 X(I+1,J41)=X3
e 00340 R(I+1,J+1)=R3
'L 00345 M(I+1,J+1)=M3
® ' 00350 T(I+1,)41)=T3
2 00355 NEXT J

S 0360 RETURN
SO 00345 GOSUB 635

e 10370 PRINT

o 00375 I=I+1

00380 5=5+1
00385 IF I:(N-1) THEN 1210

~
AN

T 50390 GOTD 255

VAN 00395 H9=1.01

SN 00400 A1=FNA(FNS(M1))

N 00405 A2=FNA(FNS(A2))

¥ 1, 00410 A4=A1

N 00415 A5=A2

S 60420 T4=T1

S 00425 T5=T2

YRR 00430 M4=N1

OO 00435 HS5=M2

) 00440 R4=RI

" 10445 RS=R2 .
S 00450 X3=(R2-RI+X18TAN(TA-A4)-X2kTANCTS+AS) ) A (TAUTA -4 =TANCTS+45))
e 10455 RI=R1+(X3-X1)*TAN(T4-A4)
o 10460 T=T4

AR 10465 A=n4

o 00470 #=nd

-t CYATY GI=FNQ(L

.-/ . . -

‘_'." [ B2 _.‘—C-L". _‘"\

o GgdTe T=Tg

oo 10490 A=33

e 10495 A=NT

o 29500 97=FNQ(A)
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00 4
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00505
00510
00513
00520
00523
00530
00533
00540
00545
00550
005535
00540
00565
00570
00572
00573
00575
00580
0585
00590
00595
03400
03425
OIS
0815
LN
g Ta
00435
00640
00645

30650 :

10435
004840
00843
004670
00479
00680
00485
00690
00895
00700
00705
00710
00713
0072

20725
00730
00735
10740
10745

IF R2=0 THEN 665

F2=FNF(A)
H3=((T1-T2)+G1#(R3-R1) /RAF2+(R3-R2) /RS+R1+M1 +Q2+M2) /(01 +02)
T7=02+(H3-§2)-F2#(R3-R2) /RS
T3=T2+17

IF ABS(N9-¥3)<0.0001 THEN 580
H9=H3

TA=(T1+73)/2

T5=(T2+73)/2

Ha=(M1+43)/2

H5=(H2+K3) /2

A3=FNA(FNS(M3))

Ad=(A1+43)/2

AS=(A2+A3)/2

kR5=(R2+R3)/2

R4=(R1+R3)/2

GOTD 450

RETUKN

FOR J=K-§+1 TO 1 STEP (-1)
X(I#+1,J+41)=X(I+1,0)
ROI+1,J+1)=RCI+1,1)
HOT#1, J+ 1) =M T+, 00

TOI+1, d41)=T(L+, 40

VT

fnae

TF T=3 TuEN QY0

BIT0 345

FEINT "ROW #="I+1

FOR J=1 T0 K

PRINT USING 650,J,XiT+1, 40, REI+1, 00, HiT+1, 00, TCIH, 1) *180/3, 14159
J=#. ST IR LLL R=4H.ANNE  MHU HHHE  T=RH.HAHK
NEXT J

RETURN
M3=(02¢M2/2+T1+Q1+M1+61+(R3-R1)/R4)/(02/2401)
T7=02+(M3-N2)/2

GOTD 525

X1=X(1,K=5+1)

R1=R(I,K-S+1)

H1=M(T,K=-5+1)

T1=T(I,K-5+17

AT=FNA(FNS(MI))

H9=1.01

Ad=A1

T4=T1/2

M=

R4zR1/2

T9=TAN(A4~T4)

X3=X1+R1/19

G1=FNG(A)

Q1=FNOCAS

Jd
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-l Py

N S

N[T

T A
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-

ey

Q0750
nyves
00760
00765
00770
00775
00780
00785
00790
00795
(0800
008035
00810
00813
00820
00825
00830
00839
00840
00843
00850
008335
00840
008435
00870
03875
00880
RLEE- 3
111390
00893
00900
30903
00910
00913
00920
00925
00930
00935
00940
00945
00950
009353
00960
00943
00970
00973
00980
00985
00990
00993
01000

53

MIzM e (T143, 14159 7120-0", /01

IF ABS(MI-491<0.0001 THEN 785
N9=M3

Na=(M1+H3)/2

AJ=FNA(FNS(N3))

A4=(A1+AT) /2

G60T0 730

X(I+1,K-§+1)=X3

R(I+1,K-S+1)=0

M{I+1,K-5+1)=NM3

T{I+1,K-S+1)=0

RETURN

FOR J=t T0 K-S

X(1,4)=X<(3,.D

R(1,1)=R(3, )

N1, 0)=M(3,.0)

T(1,0)=T¢3,J}

NEXT J

I=1-2

6010 630

LO=SQR({(G60+1)/(G0-1))

FRINT

PRINT "PRANDTL-MEYER EXFAMSION®
FRINT

DEF FNB(X)=X*SAR((HO+1)/(2+(GO-1)aX:¢X))
DEF FNC(X)=SQR{EIX+X=1)/({GO+1)/(GO-1) -XX))
DEF FNO(X)=LOXATN(FAC s =Tl LQeFNL (s
L72(FNDY FuRIMA)Y-CNOIENRIMNYI4TO 2180/3,14159
PRINT

PRINT "INITIAL SLOFE (DEG)="L?
I=1

P=2

H(1)=0

I(1)=1

JO1)=L943.14159/130

J=1

FRINT "ENTER ® STEFS=",

INPUT N

NO=N

PRINT "% OF STEPS="N

FOR M=M0 TO Mé STEP (M&-MO)/(N-1)
M1=FNB(M)

0=FNO(M1)

PRINT "M="M,"Me="M1;"OMEGA="0,"DEG="0%180/3.14159
X(I,J)=20

R(I,J)=1

Mc1,J)=m
T(1,J)=0-FNO(FNB(N0))+TO

I=1+1

NEXT M

G010 245
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N 01005
N 01010
. 01015
N 01020
3 01025
AN 01030
s 91028
AL 01040

- 01043
- 01050
S 01055
O 01040
e 01065
oo 01070
( 01075
m 01089
i 010835
A 01090
;'_:-:_ 01095
N 01100
ry 01105
oy 01119
o 01115
N 01120
Y 01125
R 01130
{ 01135
- 1140
DA 01145
o O91150
g 01155
ey AR REY
; 1143
. 1170
o 01175
23 N1180
< 11185
S 01190
e 01195
L 01200
v 01205
e 01210
Y 01215
o 01220
r'S 01225
.2 01230
L 01235
a2 01240
e 01245
) 01250
o 01255
-

e

)

N
b .\

o

Q:
¥

>
2
)

J=1

X2=X(N,J+1)

R2=R(N,J+1)

H2=M(N,J+1)

T2=T(N,J+1}

A2=FNA(FNSim i)
AJ=FHACFNSIM(N, i)

RI=RiN,J)

X1=X(N, 1)

Mi=M(N, )

T1=T(N,J)

AS=A2

MI=FNB(NS)

AJ=FNA(FNS(M3))

15=T2

M5=M2

RS=R2

T9=T1

X3=X2
XI=(R1-R2+X2+TAN(TS+AS)-X1¢TAN(T9) ) /(TAN(TS+AS) ~-TAN(TY))
RI=R2+(X3-X2)*TAN(TS+A3)
02=1/(M3+TAN(AS))
F2=SIN(AS)+SIN(TS)/SIN(AS+TS)
T3=T2+402%(K1-K2)-F2&(R3I-R2) /RS
T9=(T1+73)/2

X7=(R1-R2+ X2« TAN(TT+AT) -XT1sTAN(T?) ) /(TAN(TS+AS)-TANCTE))
IF ABS{X3-X7)<0.001 THEN 1170
X3=X7

TS=(T2+T3)/2

MS=(M2+43)/2

AS=(A2+A3), 2

Loz (R2+FT: 2

SITD 1103
FO=/t1-R2)./CC5¢T1)-LOS(TI))
PRINT "RO="RO,;"X3="X7;"RI="RI;"TI(DEG)="TI+180/3.141359; "MI="Mé
X(N+1,1)=H(P)=X3

K(F)=RO

R(N#1,1)=1(F)=R3

MIN+1,1)=M3

TIN+#1,1)={P)=T]

RETURN

J=1

GOSUR 100§

GOSUR 1250

N=N+1

P=P+1

IF NXNO+KO-2 THEN 1330

K=K-1

G60T0 1213

FOR J=1 T0 K-2

X1=X(N+1,J)
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e
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............

R 01260 X2=X(N,J+2)
boo- 01245 R1=R(N+1,0)
(: ‘ 01270 R2=R(N,J+2)
on iy 01275 Hi=M(N+1, 0)
R 01280 M2=M(N,J+2) -
L 1285 T1=T(N+1,0) j

01290 T2=T(N,J+2)
T 21295 GOSUR 395
01300 X(N+1,0+1)=Y]
O1325 RiN+t, i41)2R3

~ :‘ :‘l o
'

-\ '--
AN 01310 Nester, i i3]
- DII4S ToMet, a1 a7
Ay 11320 NEYT )
TR 11325 RETIRN
§ N1330 PRINT ""NTER SEGNENT H=";
po 01335 INPUT P
WOl 01340 F=F+1
SN (1345 PRINT "F="P '
- 01350 PRINT "INFUT RADIUS="; ;
LN 01353 INFUT Q (
® 21360 U=JiF-1)
xS 01365 U1=COS()
S 01370 U2=U1+{Q-TIF~1))/K(P) ;
AR D375 U2=ATN(SAR(1-2+U2) U2}
N 71380 PRINT "AT RADIUS="0"THETA="U2+186/3.14159; X="H(F-1)+K(P)«(SIN(U)-SI 12)) !
o 11385 G0TO 1330 :
{ l! 01390 1=t
- = 01400 FILE #1="SONIC"
o 01405 FOR N=t TO K
o 01410 INPUT #1,D01, M), ECT,NY,F01,NY,Gi1,N)
N 01415 NEXT N
" 01420 FOR J=1 TO K
' ) 01425 %1, =001, 1)
R 01439 R(1, =B, 0
DI 1435 K00, DR, 0
- 01440 T(1, 21=3(1, 1
SE 1445 NEXT
o 11459 50T D 7
°® 11255 NG
R NERDC
r.': )
I(: >
N
®
AY
LS x
b |
N ‘
I
e
X

-8

2
EA
e

1@
s

%\%

-."x*' N g e e A T AN A O Lt S TS NN AR LV A AR SN AN SV LR N M,




VIR U A®E OSSN e D AL s pe o ep

- e'e .-.-.\.4 ’

*

\-'. -'\‘q'.' \-‘\d Y

-

S

o \.'\-

Y

.

X
.
.

>

S
.

A
,‘."-4 'v’\ A

FATATR

AR
| PRI
»oe e

. P T TR ST S
L,
o a o

d e Te T e A L N A N I T T
-W”M..ﬂ..--.f... f-nf.ﬂ’ -\-1-‘\\\-\. O
n » - . - -




: .......... - A F N e R T I T T A - tat . - PR N ) - @ -.~.-_.
Y oo ey
L L
- 57 .14
" ‘s :{.‘.
a -.'v. b.‘.
< o
N, ..
Program NOCON
. Program NOCON uses a second-order, non-ideal conical source flow
'-jl' approximation to determine a plume shape. The reason for running this
' - program, besides as a comparison to Program JETC, is that as an output ’
N e )
S - the initial deflection angle, eF, and the initial radius of curvature, -
- '-0*
e Rp, are given (convenience). These parameters serve as input to Program r‘
{ PSIM, ).
J input v
e quantity symbo] explanation )
> ‘\1
YIRS Y A specific heat ratio o
N R
S M B exit 1ip Mach number gx
D | 2
{ n 8 C nozzle exit angle (deg) P-;
i Mis n jet surface Mach number ~
.. . F\
- N
Y Uy* co measure of the local rate of f.;
’ &
i m acceleration near the nozzle 3
7 lip [12]
(]
S
LS
[ output
.I 8gs Rp, x/rg, r/r , and @ (deg) for the plume
S
P
T
;
' H
L
Q) "-
N
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X o
-~ SIaTHIETRGAN NICON ol
. PO TRIMTUIALIOLATION OF 40IeRcl oI of D 1T ¢
B LT OTRIMT MEQ® ILSAC AMD TM-IITaL TIRITAL YD -1t T -
~ 1 ITH 8D -
L 30 DEF FNA(X)=ATN(X/SOR(1-X+X+1E-99)) )
e 35 DEF FNB(X)=ATN(SQR(1-X*X)/X) L.
» 40 DEF FNR(M)=((2+(A=1)sNsM)/(A+1)) " ((A+1)/{24(A=1))) /H -
2 45 729 -
50 PRINT "PROTOTYPE FLOW SPECIFIED"
> 5 FRINT "ENTER GANMA-P"; O
% 40 INFUT A .
v &5 PRINT "GAMMA="4
s 70 FRINT "ENTER NQIZLE EXIT MACH"; N
o 75 INFUT B o
30 FRINT “ML-P="3 -
v 35 FRINT "ENTER NOZZLE E¥7T ANGLE"; -
~ 20 INFUT 7 o
£ 9§ SRINT "THETA-L-P="( .
v 08 C=0/57.294
- 100 PRINT "I5 NOZZLE IDEAL-CONICAL?"; =
e 105 INFUT A$ -
110 FRINT "ENTER JET SURFACE MACH";
- 115 INPUT D &
e 120 PRINT "NFF="D 4
. 125 PRINT ’
¢ 130 F=((A-1)/(A+1)3°0.5 .
( 135 G=FNA(I/R)
~ 140 H=C-6+1.5708 5%
A 145 E1=ATN(F/TAN(G))
; 150 BO=(E1)/F-H <
3 155 DEF FNC(X)=(((A+1)/2)xX"2)/{1+{(A=1)£X"2)/2) o
> 150 I=FNC(B)
: 165 J=FNC(D) -
- 170 X=1 5
> 175 GOSUB 205 -
- 180 01=L v
N 185 X=J o
v 190 GOSUB 205 '
[ 195 02=L
~ 200 GOTO 220 =
;2 205 K=((1-X)/(X-1/F"2))*0.5 X
- 210 L=ATN(K)/F-ATN(K/F)
v 15 RETURN -
e 220 C2=-2+F/(COS(ET)“(((3#A)=1)/(2%{A-1)1)45IN/ET "0.5) o
¢ 225 IF A$="YES" THEN 255 -
< 2230 PRINT "NOZILE IS NOT IDEAL-CONICA."
S 35 PRINT "ENTER EYIT Lte=v; n o
N 240 INPUT £0 &
‘. 245 FRINT "EXIT VALUS OF U1="CO :
5 AN
e —
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59
250 GOTO 2490
255 CO=3+*SIN(C)#SQR(FNC{(R))/(R+h)}
260 C1=C0+C2
245 E2=E1+F«(02-01-FNA(1/D)+FNA(1/R))
270 D1=(E2-E1)/10
275 §1=52=53=54=0
280 FOR N=1 TO 10 STEP 1
289 EJ=E1+D1xiN-1/2
290 S1=COSCEI/FILSIN(ET) (-0, 5)4COSIED “(-1/424F"2) Y e[11451
295 S2=GIN(EI/F)I#SIN(E3) " (-0.5)*COSCET) " (-1/(2%F 2))sD14+82
300 SI=SINCEI/FI*SIN(EI)"(-1.5)*COS(ET) " ({A-3)/ (2% (A~
3095 S4=COS(EI/FI*SINCEI) “{-1.9) eCOSCEI) “((A-3) /{2 (A=-1 Y ) eh1+y
310 NEXT N
19 U0=={{COS{E2Y " ((JrA-1 Y/ (24« A-1 1) )= 5IN(E2Y "5 80
20 GRS TS Tk SAG ROV 4G 4T RSV eGINIRNIHLT)
329 D2=FNACI/D)
330 T2=C+02-01
335 RO=-((UT1/SARIII+SIN(T2)£SINIG2Y D2 /{QIN(24G2Y)))
340 R1=-1/%0
145 PRINT
350 PRINT "SOLUTIONY
3952 T2=T2%57.294
355 FRINT "INITIAL SLOPE OF FLUME THETA-F="T2
3460 PRINT "(INITIAL) RADIUS 9F CURVATURE Ri="F1
445 PRINT
370 PRINT
375 PRINT "PLUME SHAFE APPROXIMATED BY CIRCULAR ARC™®
380 T2=72/57.294
3190 FOR S=0 TO 1.5 STEP 0.1
195 T=FNA(SIN(T2)-(S/Rt})
A90 S=R1#(SIN(T2)-SINCT))
05 R=1+R1X(COS(T-LOS(TZN)
110 FRINT S;R;T#57.2%&
420 NEXT S
325 PRINT
430 PRINT
115 END
READY.

]
!
:
3
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N Program WSHOCK

N Program WSHOCK uses Weak Shock Modeling to calculate an equivalent .

e, 0

KN

f. jet surface Mach number to model a prototype gas with a different spe-

.
L
’

cific heat ratio having the same pressure rise-deflection angle re- 3

1a
A

T lationship,

8 0l
LI
PR

o inEut
™ quantity szmbol explanation

T K1 specific heat ratio of the prototype :

e gas g

» » Nl
" g’A {LIA_.‘A.. y

"a.
—1

. k‘.‘.‘ (NN

MFp M1 jet surface Mach number for the

o prototype gas

!. Y K2 specific heat ratio of the model

-~

gas \

Y
I..

% %
.

s 4
-'IA_ 'IN;". P

OUtEUt

MEm M2 jet surface Mach number for the

<.
L] ".l-“

-

model gas

(’—.{ ’I-‘l
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5 FRINT "WEAK SHOCK MODELING, JET SURFACE MACH MU4BERS, HHK,1,15,30" N
10 PRINT "ENTER GAMNA,PROT. K1 AND GAMMA MODEL, K2=";
20 INPUT K1,K2 |
30 PRINT "GANMA, PROTOTYPE="K1;"GANMA, MODEL="K2 e
40 PRINT "ENTER M,F JET MACH ¥, PROTOTYFE=";
50 INPUT M1 -
40 PRINT N
70 A=M1*4/(NTEM1-1) -
80 B=A*K1*K1/(24K24K2) -
90 X=B+50R(B+B-A+K1#K1/(K24K2)) o
100 M2=5QR(X)
110 PRINT “M,F-PROTOTYPE="M1;"N,F-HODEL="M2
120 GOTO 40 -
130 END <
READY.
&
e -
2
s o
4
=
ﬁ; ~3
.- ‘: " .‘.
o
0y
%3
r.-
.
-~
RS
-
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Program SECTP )

Program SECTP calculates flow properties at a given cross section

within the plume using the MOC.

input
quantity symbol

Y GO

Mys M6
K
20

X/Tgs /Py M* and 8 (deg)

outgut

x/rgs P/Tq, M* and & (deg) at the prescribed cross section

' ,\r . '. &' \! . A .\' -‘-r- » . 'l.‘.\' |..‘..u.

63

exglanation

specific heat ratio

jet surface Mach number

number of points in the MOC

net

cross section at which flow
properties are to be calculated
characteristics stored in file

"SONIC"

(Yo PO N NN TN N X M R N RN AN A
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e
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X0
SN

TORITUT T ae AR

PEORRINT LW THUTUSH -0 RTINS, NEFETT L THEGAT DUOULT R raw il asER T
I0CFRINT “RLUSE UG CALTULATED FOR BIVEW £, 7308% 302710
22 FILE #1="SONIC"

25 DIN A$(3),B8(3),C8(3)

27 20=3.141592

30 PRINT "ENTER GAMMA=";

33 INFUT GO

40 FRINT “GANMA="GO

43 DEF FNE(X)=ATN(X /SRR -Xe¥+IE-200)

0 FRINT

105 PRINT “ENTER JET SURFACE MACH #=";

110 INFUT Mé

115 PRINT “JET SURFACE HMACH ¥="M$5

120 Y=0

125 PRINTY

130 PRINT "ENTER # OF FOINTS FOR NET=";

135 INFUT K

140 KO=K

145 PRINT “NUMBER OF INFUT POINTS=“;K

155 DIM XCI1,11),RO11,01),MC01,11),T(11,11),A(4,21),9(4,11)
160 PRINT "ENTER 200 IF FLﬂU CRO:S SECTION T0 BE CALCULhTED AT 790",
165 INFUT 20

120 PRINT “"FLOW CROSS SECTION DETERMINED FOR Z0="20

175 DEF FNACX)=ATN(1/SQR(X*X-1))

180 DEF FNS(X)=SQR(2)+X/SAR(GI+I-(GO-1)+X¢X)

185 DEF FNQLA)=1/{4*+TAN{A))

190 DEF FNF(AJ=SIN(TI4SINI A ~TIFTHA)

195 DEF FNG(AY=SIN(TI«SINCA)/BIN({T-4)

200 FRINT "INITIAL FOINTS ALONG CHARACTERISTIC CURVE

210 I=1

213 PRINT "I=1"

220 PRINT "DATA FROM FILE=0,FROM KEY=1";

225 INPUT L

230 IF L=0 THEN 1943

235 FOR J=t TO K

237 PRINT"ENTER X/RE, R/RE, i+, THETA(RALD) FOR POINT R "l
240 INPUT XC1,00,R01, 00, 0801,0),TCT, D)

245 PRINTJ,X(I,J),R(I, 1), N(1,0),TCI, D)

250 AQ1,0)=X(1,0)

255 A(2,J)=R(1, 0

280 A3, 1)=M(1,))

265 A4, =T(1,J)

270 NEXT J

275 PRINT "SHALL DATA BE STORED IN FILE 1{SINICH"

280 INPUT BS

285 IF B${:"YES" THEN 299

288 FOR J=1 TD K
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289
290
202
295
300
302
303
3039
310
315
320
323
330
340
345
350
355
360
3485
370
375
380
383
390
395
190
105
19
13
420
425
130
135
140
445
430
155
4460
445
470
47

180
485
490
493
300
305
310
313
320
525

65

FRINT &1, XO1, 00, R0, D ,nit, D, Ti1, 1D
NEXT

CLOSE #1

Te=T(1,1)

PRINT

MO=FNS(A(3,1))
FRINT"EXIT MACH # ="HO
FRINT

FRINT “"FLOWFIELD COMFUTED, ALL FOINTS FRINTED"
FRINT" J X/RE= R/RE=
FRINT

PRINT

§=1

IF I+1 THEN 335

GOTO 943

1=1

GOSUB 343

GOTO 475

FOR J=1 TQ K-1
X1=X(I+1,))
X2=X(1,J+1)
R1=R(I+1,0)
R2=R(I,J¢+1)
H1=H(T+1,))
M2=M(T,J+1)
T1=T(I+1,0)

T2=T01, .0+t

GISUE S35
XO141,04102X3
ROT#1,0+1:=F]

HOI+1, J41)=M3

TOIxt, fet)=73

IF YZ270 ANR 207720 THEY 145
60T 450

GOSUE 1449

IF X3:Z0 AMD X2:Z0 THEM 440
GOTOQ 443

GOSUER 1489

NEXT J

RETURN

GOSYR 749

PRINT

I=1+1

§=§+1

IF T:¢(N-1) THEN 1360
GOTO 340

M9=1.41
A1=FNACFNS(K1))
A2=FNA(FNS(M2)}

Ad=A1

AS=A2

. l".”
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530
3335
540
545
550
533
740
5435
570

973

80
85
590
99
500
605
A10
a19
320
430
é35
440
549
5950
435
449
445
670
47%
480
&89
490
495
700
705
710
i b1
120
725
730
735
740
RE 1
255
140
70
275
780
785
790

T4:=T1
15=T2
LEEL )
HS=M2
R4=R1
RS=R2

X3z (R2-RI+XT1TAN(TA-A4)-X24TAN(TS+AS)) /(TAN(TA-A 1) -TAN(TS+AS))

RI=R1+(X3-X1)1+TAN(T4-4A4)
T=T4

A=A4

N=4

G1=FNQ(A)
G1=FNG(A)

T=T9

A=AS

M=M3

A2=FNA7A)

IF R2=0 THEN 780
F2=FNF (A}

M3z 0TH-T20R0/ 180461/ RI-RY /RELF 20 CRT-R2Y/RS+01 el +02442) /(B 1+02)

17202+ (N3-M2)-F2#(R3-R2) /RS
T3=72+77

IF ABS({M?-43):0.0001 THEN 490

H9=H3

T4=(T1+73)/2
152(T12413)/2

Ma= (H1+43)/2

5= (M2+43) /2
A3=FNA(FNS(M3))
A4=(A1+43)/2
AS=(A2+A3)/2

GOTO 540

RETURN

FOR J=K-5¢1 T0 1 STEF (-1)
XCI#1,d+1)=X(1+1,0)
ROI#1,J+1)=R(I+1,0)
WOI+t, J+1)=H(T+1,0)
TCI41,J+1)=T(I1+1,0)
NEXT J

K=K+2

60TO 735

IF 1:2 THEN 925
GOTO 475

PRINT "RIGHT RUNNING CHARACTERISTIC N"I+1

FOR J=1 TO K

PRINTJ, KCT+1, 00 RET40, 00 MeTar 13, TCI+1, 00018070

NEXT J
RET!URN

M3=(Q2+M2/2+T14Q0/ 180401 +M1+G1 x(RI-R1)/R4A) 7 (232/2+01)

T7=02%(M3-42)/2
GOTO 635

.......
--------
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295
500
805
810
315
820
825
30
835
840
545
350
55
840
365
A70
775
880
185
190
995
00
295
10
915
."\:0
230
35
240
245
750
255
240
945
770
975
280
95
990
995
1200
1205
1010
1015
1020
1028
1330
1035
1040
1045

A N N N A A A R Y AR A AT
o
159
67 e
"
M d
X1=X(1,K-§+1) {2
R1=R(I,K-5+1) —
H1=M(I,K-5+1)
T1=T(1,K-5+1) é&
A1=FNA{FNS(M1)) e
§9=1.01 w7
A4=A1 7
T4=T1/2 ;nﬁ
H4=M1 )
R4=R1/2 ™
T9=TAN(A4-T4) -
XI=X1+R1/T9 ]
61=FNG(A4) N
Q1=FNB(A4) e
NI=M1+(T15Q0/180-61)/01 9
IF ABS(M3-49)<0.0001 THEN 990 t
M9=M3 :(
Ma=(M1+43)/2 5;;
AZ=FNACFNS(H3)) i
Ad=(A1+A3:/2 4
50T0 845 1
XTI+ ,F 5+13=X2 N
RIT+1 K=5+1)=0 gt
HEIst,K-541)2M3 DY
G S ok
EETURN '
enm 121 TH ¥-€ .
AR AEREE BND) R
ROL,00=F3, 0 N
HO1, 00 =M03,0) o
T(1,=T(3, 0 e
NEXT J >~
1=1-2 :
5270 740 i
LOTSARC(GI+1) 7 (50-11) 7
ERINT "
FRINT "FRANDTL-MEYER EXFANSIGN" -
FRINT S
DEF FNB(X)=X*#SAR({GO+1)/(24(50-114X+X)) ®
DEF FNC(X)=SAR{(X&X-1)7((G0+1)/(GO~1)-X#X)) e
DEF FNO(X)=LO*ATNCFNC(X))-ATN(LO*FNC (X)) e
LO=(FNO(FNB(MA))-FNOCFNB(MO)I+T0)+160/R0 g:;
PRINT o~
PRINT "INITIAL SLOFE (DEG)="L9 ot
I=1 °
Fa2 ¥
H(1)=0
1¢13=1 o
JUH)=1.7#Q0 /120 “
J=1 g-
PRINT “ENTER N STERS="; @
R
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1050
1033
1840
1065
1079
1075
1080
1083
1990
1095
1100
1105
1110
1115
1120
1125
1130
1133
1130
1145
1150

1193

1160
1145
1170
1175
1180
1185
1190
1195
1200
1205

210
1219
1729
179%
1230
1239
1240
1245
1250
1235
1260
1245
1270
1275
1280
1285
1290
1299
1300

68

INPUT N

NO=N

PRINT "# 0OF STEFS="N
FOR M=MO TO M3+1E-0T STEP (M&-NOI/{N-1)
H1=FNB(N)

0=FNO(H1)

PRINT "M="M;"He="N1;"OHEGA="0;"LE5="0+130/Q0
X(1,J)=0

R(T,J)=1

(I, J) =N
T(I,J)=0-FNO(FNE(NO))+TO
I=1+1

NEXT M

60T0 350

J=1

X2=X (N, J+1)

R2=R(N, J+1)

H2=H(N, J#1)
T22T(N,J+1)
A2=FNA(FNS(M2))
AZ=FNACFNS(M(N, J)))
R1=R(N,J)

X1=X(N, )

H1=N(N,J)

T1=TiN,J)

AS=A2

H3=FNB(M6)
A3=FNALFNS(M3))
1512

H5=N2

RS:=R2

19=T1

X3=¥2

A3=(R1-F2+X2#TANCTG AT -YTRTANITR) 1/ (TANTT e 4G - TANITE

RI=RI+IMT-Y2  kTAN(TI LG
Q2=1/(45«TANI25))

F2=GSINCAS) +SIN(TS)/SINCAS+TS)
T3=T2+402+(M1-NH2)-F2+(RI-RD)/RT
T9=(T1473)/2

X7=(R1-R2+X2kTANCTSHAT) -XTHTANCTOY) TETANITE+A%) -TAN(T? )

IF ABS(X3-X7}<0.001 THEN 12835
X3=X7

T5=(T2+73) /2

M5=(M2+M3)/2

AS=(A2+43)/2

R5=(R2+R3)/2

6070 1220
RO=(R1-R3)/(COS(T!)-COS(TTY)
PRINY

PRINT "RISHT RUNNING CHARACTERISTIC H"N+|
PRINT "RO="RO
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RS |

1303
13190
1319
1329
1325
1330
131t
1345
1322
£33
180
11459
137
330
1383
1399
1395
1400
| 40%
14190
1413
1420
1425
1430
1435
1439
14435
1450
1435
1440
1449
1470
s

FEL)

1485

1499

143%
1300
1305
1310
1913
1529
1323
1330

1539

1340
1345

1550

1555

...... -t "> DAY LN
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FRINT1,X3,R3,43,735130/00

IF (3320 AND X2729 THEM 1320
5070 1325

GOSUB 1730

XiN#1, 10 curessy]

ViPizQ

RIMe1, teTe 20

MiNet 11:y2

TINHT, ) ) 2T

IF HIBY 20 ABD WoP-1.°20 “UEN *220
CETURY

[ )

595UR 1120
308U% 1209

S Moy

Pl

[F V-NO#n -2 THED 1515
K=zh-1

GRTO 1345

FOR J=t T0 H-2

(1=X: M+, 1)

X2=XIN, J+2)

R1=RON+T, D)

F2=R{N,+D)

MU=HINSL, 0D

M2=MiN,J+2)

T1=T(N+1, )

T2=T(M, . +2)

505U 5095

VAN#T, 413 =X2
RiN+1,J+11=F]

MIN+i, J+15=M3

TON+T, J410=T3
FRINTI#1,43,87,43,73130°Q0
TEXTIN AND (1-2Y THEN *14gn
5070 119¢

208U rgar

TF Y7020 a0l ¥20T0 THER 1Tag
AT 15aC

GOTUE 1720

NEXT ¢

RETURN

FEINT "EMTER SCGMENT #=v;
iNepT e

IF F=7 THEN 1890

P=C4+1

FRINT "fz"p-t

PRINT "INFUT fADTIG =",
INFUT 0

U=J(F-1:

U1=Ccosuy

RS RACRCR AL ACE s ine A."-,ﬁ-"W.“'_'.Wxﬂ._‘v: At T

D) adl RGOS

". 3 .‘.‘!'h’\ Ij

»
P

l‘.

N N

o

?
2
+

r
L

',

X g
H e

A

¢,

N




S AT T T T T LN DA GANLICA AN I CRAL N ANE S RN I e dat ot RaCiinh Tt A Rbia b AR i i ARG S i e . TRt uTa . LRt

4
- LI
,hl‘..l'l

-, lr!

-l
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<5 =
;;: 1560 U2=U1+(Q-T(F-1))/K(F) ‘ "
o 1565 U2=ATN(SQR(1-U2+U2)/U2)

1570 PRINT "AT RADIUS="Q"THETA="U2+#180/00;"X="H(F-1)+K(P)&(SIMN(U)-SIN{U2)) ;i

A
n-'.”

5 1575 6OTO 1515 s
- 1585 FOR J=1 TO K
T 1590 X(1,J)=401,0) W
- 1595 R(1,1)=A(2,J) ot
A 1600 H(1,J2=A(3,J) -
QO 1405 T(1,0)=A04,0)
e 1410 FRINTI, X1, 50, RO, 0,800, 03,T01, ) R
Ny 1819 NEXT N
P 1420 FOR J=2 TO ¥
B 1625 IF ALY, 107 2D &dlv 2ig, Jo17 770 THEN 0778 :
s 1430 NEXT ‘
( 1435 GOTO 295
o 1440 FRINT "AT CROSS SECTION f="7) i
A 1645 Y=Y+1 -
oA 1850 W1=(Z0-X1)/0X3-Y1) e
o 1455 V{1,Y)=20 -
s 1660 V(2,Y ) =RI+(RI~k1) 1 -4
° 1445 (3, Y) =K1+ (M3-H11 Y1 -
it 1470 Vea, Y =(T3-T1a01+T
o 1675 PRINTY, Vi1, Y0, 002 ¥, 003,70 ,004,Y) £180,/00 .
< 1480 KETURN T
e 1485 PRINT "AT CROSS SECTION ¥="I9 T
P 1690 Y=Y+ -
{ 1495 Y2=(20-X2)/{X3-X2} )
£ 1700 V(1,Y)=2¢ :
o 1705 V(2,Y)=R2+(R3-R2) 2
N 1710 V(3,¢)=N2+{M3I-N2)»Y2 IN
a1 1715 Y(4,¥3=0T3-T214024T2 o
et 1720 PRINTY, V1, YD, V(2,0 WeT, 3 00t 7 ving a0
) "725 RETURN -
N 1730 FRINT "AT CRCSS SECTION X="I3 -
o 735 Y=141 -
2:5 1740 V2=020-v2: ¥ -0 D5 -
A PTaE v a7 N
e 1759 802,y <p e R3-RD 402 A
Py 1795 Y03, Y =424 0430420 42
o0 1760 Y(4,Yi=(T3-T214U2472 -
R 1785 PRINTY, MOL, 70, 02,3 Vi3, Y, V(4,Y)+180/00 e
"o 1770 RETLRN
S 1775 PRINT "4T CROSS SECTION £="10 .
SO 1780 Y=Y+1 R

i

1785 V3=(Z0-A(1, =123 0A01, N=-AL1, J-1))
1790 Vi1,Y)=20

.’_1 (]

o 1795 U(2,Y)=A(2,J-1)4 (A2, 01 -AC2,J-1)) V3 -
i 1800 V(3,Y)=A(3,J-1)+(A!3,0)-A(3,1-1))+V3 o
NN 1805 V(4,Y)=A4,J-1)+1AL4, 00 -A(4,]-1))4V3

“Ia 1810 PRINTY,V(1,Y),002,Y),0(3,Y),0(3,1) 2
e 1815 GOTO 1630 [
N
o 3
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1820 Y=Y+t
1825 V(4,Y)=FNE{{H(PY+K{F)$SINCJ(F))=20) /K (F))
|§ 1830 V(2,Y)=T{P)4R(F)# (0S4, Y)1-COGLI(F) D)
1835 FRINT "CROSS SECTION AT v="70
o 1940 FRINTY,Z0,0(2,73,43,9°4,Y)%180/20
N 1845 60T0 1355
- 1950 PRINT "SHALL NEW PLUME BE CALCULATET?=";
S 1855 INPUT C%
1860 IF C$="YES" THEN 125
¥ 1841 IF C$<-"YES" THEN 1750

SRS 1865 FRINT

N 1870 PRINT" X/RE, R/RE, M+« AND THETA(RAD) ARE REING READ FROM -SONIC-™

X 1875 FOR J=1 TO K
> 1880 INPUT #1,001,0),E01,0),F01,0),6(1,0)
. 1885 NEXT J
. 1890 FOR J=1 TO K

SR 1895 AC1,1)=X01, =0(1,

™o 1900 A(2,0)=R(1,1=E(1, D)

1905 A3, J0=H(1, 12=F11, .1
e 1910 AC4,0)=T(1,00=601,4)
r PO1Y OPRINT A1, 10,402, 05,407,20,403,.0)
1915 NEXT J
. 1920 GOTO 295
Y 1950 ZND
i READY.
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Program PSIM
Program PSIM calculates what flow parameters are required to

produce an equivalent plume shape when a different specific heat ratio

is used.
X
P input
nti symbol explanation
W womity 3y :
2 . . :
;:.:-: A O T2 initial plume deflection angle
TN (deg)
0 Re R1 initial plume radius of curvature
..‘
JorlEN Yo A specific heat ratio of the model gas
I
Mem D jet surface Mach number for the

p model gas
~7
- < Mim-1 B trial value of exit lip Mach number
-y for the model gas

L.

' output
v‘ -'- _fi .
;'é M and 8 final values for the model yas at the exit
g . P-final pressure ratio,
IR
" 2 Py/Pgs X/rg, F/rg and @ (deg) of the model plume
5
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\::'.
v -
o N
3§

A

LS PR

B L A R A Dt D e e e e e a0




o

AR
Y

T
[N
LU R

DAY
RV

=~ N
s\ N

NN
N

)
l'fl

e
]
-

-
>y
A o
l. l. "l'.l'
. . 1] a_'.l

;
+

Ty
&

": IA -
e el
a & J

l/‘
e S e e 8

oL,
¢’

[}
'-_:

ele s,
Ed :

N
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D
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b

SRR

XA XZ
SASN
- l".dll‘l~

&Jl’

.
(4
(A

.

» —' g .

PP
tale,

LA ..’:.-'.'-’.

;.

.'.. ‘ o

N

IO )
'l.l {
e

.,I

i®

R

LENGVER LR

SN Y.

00025
00027
00035
00040
00045
00050
000355
00060
00065
00070
00075
00080
0085
00090
00095
00100
06102
10105
SOIREC
SYRE
19120
00135
00140
00145
00150
00155
00149
0145
50170
00175
00180
00185
00190
001935
00200
00205
00210
00215
00220
00225
00230
00233
00240
00245
00250
00255

S ERTYT M OPROGRSH FEIe-TTIISEN 2000
=

R \,\ _..' A\.".'J'.‘-'.\:\ \(\ \ ", '.""%'-\'\' .Q"b

o L v - . [ - o
2. Ayath e SXach AN

.-y

GET OTHACNGATNAMCOR T cqnddt D T
DEF FNROY =ATNISORO1-X4X) /X))

DEF FNR(M)=((2+(A-1)%N«N)/(A+1)) "CCA+1)/(24(A~1)))/H

PRINT "PLUME SHAPE GIVEN ?YESO,NO 1";
INPUT K1

IF K1=0 THEN 710

Z=0

PRINT "PROTOTYPE FLOW SPECIFIED"

PRINT "ENTER GAMMA-FP";

INPUT A

PRINT "GANMA="A

PRINT "ENTER NOZZLE EXIT MACH";

INPUT B

PRINT "ML-P="B

PRINT "ENTER MOZZLE EXIT ANGLE";
INPUT C

FRINT "THETA-L-P="C

C=C+3.14139/180

PRINT "ENTER JET SURFACE 4ACH";

INPUT T

PRINT "HFF="D

E=!

FFINT

F=({A-13/CA+12)70.5

G=FNA(1/BR)

H=C-G+3,14159/2

EV=ATN(F/TAN(G))

BO=(E1)/F-H

DEF FNCOX)=¢ (TA+1) /722X 2/ (14 ( (A1) X" 2)/2)
I=FNC(B)

J=FNC(D)

X=1

GOSUB 215

01=L

X=J

GOSUE 215

02=L

GOTO 230

K={(1-X)/{X-1/F*2))"0.5
L=ATN(K)/F-ATN(K/F)

RETURN

CO=3+5IN(C)/(B+B)

C2=-2+F#5QR(I)/(COSCENY " (((I+A)-1)/(2%(A-1)) }#SINIET)",T)

C1=C0+C2
E2=E1+F+(02-01-FNA(1/DI+FNACI/R))
D1=(E2-E1)/10

§1=52=53=84=0
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SR BALS ACR M AL I A A atS AL DAY ANy
$
&
o 4o
« B8
e 75
4 ..Q ,."
e 00230 EOF N=' T 10 STEF 1
= 00245 EI=E1+D14(N-1/2] '
' |I 10270 $1=COS(E3/FISINIEI) " (-0,5)#L0S(E3) “( -1/ (2¢F*2) 411 #31 '
3ol 00275 S2=SIN(E3Z/F)$SIN(EZ)“(-0,5)#COS(EI) “(=1/(24F"2) ) [11 452
5 00280 S3=SIN(E3/F)*SINCEI)“(-1,5)%COS(EI) “((A-T) /{28 (A~1)) )01 +837
DL 10285 $4=COS(EZ/F)*SIN(EI) " (-1.5)#C0S(EZ) “((A=3)/(24(A-1)))kD1+54
by o 70290 NEXT N
SIS 70295 U0=-((COS(E2)“((3%A~1)/(2%LA-1)3))#SIN(ED)“0.5)/(24F)
00300 U1=U0*((S1-F¥S3)+COS(RO)+(S2+F+24)¢SIN(RO)+C1 )
;™ 30305 G2=FNA{1/D)
Y 00310 T2=C+02-01
N YOI1S RO=-( (U1/5aRE ST T2 RGINI 323707 (GIN(24G2)))
R 0320 Ri=-1/R0
e 10325 FRINT
IR A9TT0 BEINT CILLYTIANY
- S9TTT EITNT CINITIAL SLOFE OF ©LU4E THETA F="T2¢S7, 2058
~ o 00340 FRINT "CINITIAL) RADIUS OF CURVATURE R1="R1
YA 00345 FRINT
= 00350 IF E<1 THEN 50%
N 20355 IF E+1 THEN 175

00360 IF Z=1 THEN 175

19365 GOSUR 745

— 09370 GOSUR 5190

-~ 50375 IF E >= 2 THEN 40

70380 FRINT “ENTER GANMA-N":

00385 INPUT A

! 00390 PRINT "ENTER NF-iH";
20395 INPUT D

1@
gy

»
EN

"J‘Ai A
- S LR SRR R
LY

- 00400 PRINT

S 00405 FRINT "INFUT FOR NODEL PLUNE"
0 00410 FRINT "GAMMA-N="A,"HF-M="]

; 00415 F={(A-1)/1A+1)) 72,5

10420 Q=T2

00425 R2=R1

00430 FRINT “FIRST TRIAL VALUE ML --t"
) 20435 FRINT "ENTER ML-M-1";

> 10449 INFUT 3

e 00445 I=FNC(E)

09450 =FuC D

o

0
»

ALY

Y \."."'."'.
P4

g 10455 {=1
SO “0480 £TSR 219
b 20445 03=
SR no8th ys
SR 19475 G0O5UR 2.5
r 00480 04=L
o 00485 C-0-04+03
NI 00490 FRINT "ML-M-1="B,"THETA-L-M-1="C+57,29%8
o 10495 E=E+1
Ny 00500 50T0 140
S 09505 STOP
e 00510 PRINT
<s
VG

2

SAM @Y
Bt g
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00515 PRINT "PLUME SHAPE CALCULATED"
00520 PRINT "X","R","THETA"

00525 FOR §=0 T0.1.2 STEP 0.2

00530 T=FNA(SIN(T2)-(5/R1))

00535 S=R1%(SIN(T2)-SIN(T))

00540 R=1+R1+(COS(T)-COS(T2))

00545 PRINT §,R,T+57.2959

00550 NEXT S

00555 RETURN

00560 IF E>2 THEN 435

00545 BS=B

00570 R5=R1

00575 PRINT "ENTER NL-M-2";

10580 INPUT B

00585 1=FNC(E)

00590 X=1

10595 BOSUB 215

00600 03=L

10405 C=0-04+03

90510 FRINT "SECONT TRIAL “ALUE AL -
00415 FRINT “NL-M-2="R," HETA-L-N-2-"
00620 E=E+1

00625 B4=B

00430 GOTO 140

00435 Bé=B

90440 Ré=R1

00645 B=B&+{R4-R2) ¢ (B5-F5) ./ (15-R4)
00550 I=FNC(B)

00855 X=1

00660 GOSUR 215

09665 03=L

00670 C=0-04+03

00675 PRINT

10680 PRINT

00685 PRINT "ML-M="E,"THETA-L-M="C+57?,2958
00690 IF ARS(B-B4):0.001 THEN 750
00495 BS=B4

00700 R5=Ré

00705 GOTO 140

00710 PRINT "INFUT THETA-F,R1";
00715 INPUT T2,RI

717 12=12/57.29%

00720 Z=E=1

00725 PRINT "PLUNE GEOMETRY SPECIFIED"
00730 PRINT "THETA-F="T2+57.2958, "R1="R1
00735 PRINT

10749 GOTO 350

00745 7:=0

00750 GOSUR 745

10755 GOSUR 510

10740 6OTN 70D
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D6745 P=(1-16F*2)"CA/{A-1))

00270 PRINT

20779 PRINT "PRESSURE RATID P="F

00780 PRINT

00783 RETURN

20790 PRINT "THIS IS THE FINAL RESLLT"
30793 PRINT

00800 END

READY.
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Program GRTRAN1

o
.#‘
X -]

.‘-I -
o~ GRTRAN1 is a laminar-transitional-turbulent boundary layer program
] “.
Z::‘: ::-i based on the methods of Gruschwitz [25] and Culick and Hill [24].
v
:'_}: ingut
A
;E:: quantity symbol explanation
{ Y GO specific heat ratio
LT Pr P Prandt] number
A
-
WS Mref MO reference Mach number
o r Po PU stagnation pressure (psia)
‘,_‘:f: iy To T0 stagnation temperature (R)
\‘:'*: "l'\‘
‘.'.:: x/r* vs. M Mach number distribution
{ a in the nozzle
o
N output
q.!\
‘ \ L. X/r*, M, 8, HC, 6%, RI along the nozzle wall
A5 JENE
A R, 5 (test section), &, &* and & at the nozzle exit.
o ’
P where
.2 HC - compressible shape factor &§*/@
SRS
"::f_;: Rl - equivalent incompressible boundary layer
‘:::;: : Reynolds number (based on displacement thickness)
AV
ALY
o
o
®
XA
o
UGl o
e
2

(]
-




5 PRINT

"EROGRAM GRTRANMT,
10 PRINT "TRANSITIONAL BOUNDARY LAYER,
5 FRINT “MERGED FROGRAMS GRUT anD RLT2,

20 A0=3.141592

25 DIM X(50),
9 nIm RISHI
15 ORTNT "I A

10 QEF :nst
15 DEF FNGI!
B0 DEF FNICH
M€ IEF FAN(D
a0 DEF FNEGR

35 DEF FNT

4 NEF

l-'i
Jan
1
n

-
20 NEF LR

NG ODEF Pz R L .

2y HEF FNHa 18- A

96 MEC SWIGiztesTag FTERG 2 1

S R o L e AL ] R
1€ NEF FML oMY =GAROMEME 1 400 Ty emi T,

P TRTHT NENTLR fammist

P18 THRY GA

i CRTHNT OCENTER FRAHDTL soe

! HpuHT o

i’ 4 T
FRINT

v
-
>

* .:) cn

FNiiJ

r

LG0T, U050

3
FNN‘HJ'IFMTIM? JFEAT /Ay i

"ENTIR

ol [
1= AT
ran CEHT
©3e o
9 TN
Q%

ol T

i grve
YOO LR THT D2

a1z
SRINT
Tyt

iz, "A

ARTAT
ERTHT

r29

BAS. HHK
GRISC

HHE

-

[ N}
>

i50), (50 LKD),

SNTS0)

T

[l
2

THFARIG KT
FNI/Fl-P*f1’+h‘“E';
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PGO=1 ket ERNR G0
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o
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..........................

‘@ L_ 81
OO
s 250 PRINT "INPUT NACHW (YES),OR U/UOIND)=";
SO 255 INPUT B$
= 240 PRINT "ENTER 0 FOR STAGN. FOINT, ! FOR SHARP L.E.";
] N 245 INPUT Z .
NI 270 PRINT "INPUT # OF POINT PAIRS="}
275 INPUT NO
e 280 PRINT “NUMBER OF POINT PAIRS X,M (OR U/U)="NO
b 281 PRINT "INPUT FROM FILE GDATA (Y/N)=";

[t ]
.

282 INPUT C$
263 IF C$<-"N" THEN 1441

.

O — RN,
‘ A

y fi 285 FOR I=1 TD NO

o 284 IF B$<>"YES™ THEN 297
e 287 PRINT “I="I;"ENTER X,H";
> 290 INPUT X(I),M(I)

SRS 292 AL, 1)=X(D)
{ 295 A(1,2)=M(D)

: 296 GOTO 300
RS 297 PRINT "POINT “T" ENTER X¢I),U/U(T)=":
298 INPUT (D), U(D)
199 M{I)=FNM(U(I))
'L 300 ACI,1r=X(I)
301 ACI,2)=M(1)
304 PRINT “I="1;"X="X(1);"M="A(I,2)

S ‘-:.4’ .',? L ® -":" S S e
AL

< 305 NEXT I
aen 306 PRINT "SHALL DATA A{1,0),AC2, 0y BE STORED IN FILE GDATA (Y/N)?"}
S 307 INPUT D$
Mo 308 IF D$="Y" THEN 1470
{ ! 310 IF M(1)<>0 THEN 580
N 115 IF 2<x0 THEN 580
o 320 X(1)= M(1)= U(1)= F1=0
SO 330 PRINT "NEAR STAGNATION FOINT"
QI 335 FOR I=1 TOQ 3
u 340 PRINT “I="1,"X="X(I);"M="M(I)
) o 145 NEXT 1
S, 150 F2=FNL(N(2))
N 355 K(1)=7.700001E-02
S . 340 K=K(1)
DAY 345 T0=7.700001E-028(X(2)-X{1))4FNN(H(1))/(RO*F2)
MY 370 D(1)=5QK(T0)
® 375 GOSUR 420
U 380 [11=FNH(G)
e 385 D2=FNI(G)
T 390 PRINT “"THETA-0="SQR(TO):"K="K;"STAGNATION FOINT"
LS 395 X3=X(3)
Ao TS 400 X2=X(2)
T 405 FI=FNL(H(3))
A3 410 D(D=D1) (1= 424% ((FI/F2-1)/(X{3)/X(2)=1)=1))
e 415 PRINT "THETA-2="D(2);"AT X/L="X(2)
2w 420 M=FNM(F2)
. 425 K2=FNJ(G)#(D(2)) "2+4R0O*(FI~F2)/(FAN(M(2))#(X(3)-X(2)))
oo 430 K(2)=K2
L 2
o
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o 435 1=3 -
= 440 GOSUB 715 -
if 4435 =4 »
o 446 PRINT * X ] THETA/L HC DELTA1/L RI" S
< 450 60TO 875
N 455 D1=FNH(G)
o 440 F2=FNL(N2)
. 445 H=(M*N*(GO0-1)*FNR(G)/2+FNJ(G)*(.3~6/40))/FNH(G) ;.;-
“ 470 V(1)=1+(60-1)%A(1,2)"2/2
= 475 H(D)=H =
N 480 F(D)=(H(D)+1)/V(I)-1
& 485 6(D=D(D/Y(1)"3
g 490 PRINT _
) 492 M2=FNM(F2) S
( 493 D2=S0R(T2) 2 |
- 494 D9=02/D1 |
- 496 H2=H i
N 525 LCD=R1#GCI 24 (ACT, 2)-ACI~1,2))%9 (1) * . 5/(A(T,1)-A(I-1,1)) -
« 530 IF L(I)>=,02 THEN 545 :
N 535 N(ID=107(1,194%SINC(L(I)-.02)%4,84200) ) *1550/F ([) o
540 6070 550 Ny
’. 545 N(I)=107(1.034%SIN((L(I)-.02)+6.06¢00))*1550/F (1) -
<o 550 R(I)=R1*G(I)*A(I,2)
- 551 T1=R(I)*Y(1)"(-3.9) N
[ 555 IF RCI)*Y(I)"(-3,5)>N(I) THEN 985 o
- 560 PRINT "T,N/T,0="FNJ(G)*(1+{B0-1)kNQ"2/2) /(14(50~1)+M"2/2)
" 561 PRINT X23M2;D2;H2;09:T1 ' e
{ 565 IF G6<-12 THEN 595 X
N 570 PRINT ?
o 575 RETURN .
580 PRINT "SHARP LEADING EDGE" "
N 585 PRINT "M1="M0;"AT X12"0
- 590 GOTO 960
> 595 PRINT "LAMINAR SEPARATION" -
e 94 PRINT “TURBULENT REATTACHNENT CONSIDERED™ £
5597 RO1)=RO*G(1)*A(1,2)
o 598 T=1 ~
) 599 GOTO 1010 "
o 400 STOP .-
- 405 DIN Z(200)
o 410 PRINT “ENTER K="; »
o 415 INPUT K 7
- 620 IF K<9.479999€~02 THEN 6353
oo 630 K=9.469999E-02 %)
;4 435 IF K>-.157 THEN 645 -
440 K=-,157 -
- 645 20=,000001 . : ‘ .
N 450 YO=FNX(Z0)-K -
) 455 IF K<O THEN 670
N 640 21212
s ~
®. 465 GOTD 675 ~
~ -
‘.._:
o <
e
%
e K
v 2
In
o L B R At . PR B am T m ., e, " e T AT T P R RN AT A : -
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S 470 21=-12

2 675 Y1=FNX(Z1)-K
{ 480 22=20-Y08(Z1-20)/(Y1-Y0)

N | 485 IF ABS(Z2-71)<.01 THEN 700
S 490 21=22

" 495 6OT0 475

N 700 6=12

YR 705 RETURN

210 STOP

¥ w 715 X1=X(1-1)

S 720 X2=X(I)

L 725 T1=(D(1-1))"2

N 230 Mi=M(I-1)

R 735 M2=M(1)

740 UT=FNLCA)
. 745 U2=FNL(H2)

S 750 U9=(U1+y2) /2

o 755 M9=(H1+M2)/2

2 760 K1=K(I-1)

S, 765 B1=1

P 270 H=K1

_ r 775 GOSUB 420
SN 780 T2=T14+2%(X2-X1 VHFNNIMO) £{FNALG) -kt (2-M9NPFNC(G) ) /B1) 7 LROEFNL D))
- e 785 K2=RIRROH(TI4T2)#(U2-U1V /(20 (X2-X1) kFNNIH9))
S 790 K=K2

- 795 IF K2<-.1567 THEN 595
- 300 GOSUE 420
L . 405 4=H9
310 B2=FNJ(5)

AT B15 IF ABS(K2-K1)<,0001 THEN 835
Sl 320 B1=82

- S 425 K1=(K2+K1)/2

: 330 60T0 779

R R 435 D(1)=S0R(T2)

o 740 K(1)=K2

.. R45 PRINT

S 850 RETURN
- 855 STOF

2 340 1=2

s _ 45 DU1)= K(1)20

AR 867 X(1)=A(1,1)
v, 870 H(1)=M0
e 775 PRINT
YO 885 X(1)=A(I,1)

Ly, 886 M(I)=A(1,2)

910 GOSUR 715
915 D(I-1)=D(T)
> 920 GOSUB 455

2 :..l

- 925 K(I-1)=K(T)
. 939 1=141
<% 935 IF I>NO THEN 980 X
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940 GOTO 875

280 STOP

985 PRINT“POINT OF INSTABILITY, TRANSITION STARTS“I
990 T=1

995 DB=1.43-1/(.02086%(LOG(R(T)))"2.68%)

1000
1905
1910
1015
1020
1024
1025
1026
1027
1028
1029
1030
1033
1038
1040
1045
1050
1035
1060
1065
1079
1073
1080
1090
1095
1100
1105
1107
1110
1118
1120
11235
1130
1135
1140
1145
1150
1155
1160
1145
1120
125
1180
1185
1190
1195
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HB8=F(T)-D8

LB=(HB-.045)"(-5.556)~.183

T{4)=A(T, D)

T(7)=A(T,1)

T(8)=D(T )L

T(1)=1

T(2)=NO

T{3)=R1

T(4)=H8

Ti(5)=L8

T(9)=L

PRINT "TURBULENT COMPRESSIBLE ROUNDARY LAYER, AIR, HHK, B/24/81"
PRINT

N=4

RO=T(3)

0=T(9)

MO=T(§)

X0=T(7)

NO=T(2)

Do=T(8)

IF 0«0 THEN 1080

o= 9.999999E-10

FRINT "EXPONENT QF SHEAR LA, N=(TENTATIVELY)="N
CO=(N+1)%, 1264%N"(-2,4815)/(RO"(C1/N))
SO={(DO/D)x(MO/ (1 +.2xM0%M0))"F) " (1+1/N)

PRINT "TRANSITION CONDITIONS XOQCFT)="X03:"M0O="M0;"Nn0="110
PRINT "SHEAR LAY EXPONENT N="NJ"REY-0,D="RO
PRINT " X N THETA/L HC DISF/IL RI"
LO=T(5)

FRINT

X1=X0

M1=M0

n=00

J1=0

I1=0

QO=C (D114, 26M0eM0) " (=31 /TN " (141 /M) 2/COY "4
21=a0

11=0

FOR 0=T(1}+1 TO NO

X2=4(0,1)

M2=A(0,2)

IF X2=0 AND K2=0 THEN 1290

M9=(M1+42)/2

I12=(X2-X1 )& (MY (J+2/N) 14 24 HPeM9) " ({1/N)=-4))
I1=11+]2

D2=D# (14, 24¢M2482) "I+ ((CO*TT1+50)6R27(=3=3/N) )" (N/(N+1})
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1200
1203
1210
1219
1220
1223
1230
1235
1240
1245
1250
1255
1249
1245
1270
1278
1280
1289
1290
1295
1300
1305
1310
1315
1320
1325
1330
1339
1340
1345
1350
1355
1380
1355
1379
1379
1329
1385
1390
1395
1409
1405
1410
1412
1415
1420
1429
1430
1435
1440
1441

85

D9=(D1+D2)/2
Q2=(I1/H0"(-32(1+1/N))+R0°(1/4)) "4
R2=RO#«DO+MP/((( 1+, 2xHP£N9) " T) )
B=.03042L06(R2)-.23
J2=(B-LOG(MH9/M0))*(02-11)
L2=00+L0/02+L0G(M2/80)+(1/0Q2)(J2¢.J1)
IF L2<-.15 THEN 1400

IF L2<-.185 THEN 1410
K2=,045+4(L2+,185)"(-.18)
H2=(K2+1)# (14, 2%M2%M2) -1
TI=ROKD24M2/ (1 +,2:KM25M2) “T)4[1)
N9=H2«N2

FRINT X2;M2;D2;H2;009;T1

X1=X3

M1=M42

J1=01+J2

=02

NEXT 1]
TH=ROwDDLM2 A0 (14, 2:6H26M2 3TV ]15
FRINT "R,T= TEST REYNOLDS #="T1

PRINT "SELECTION OF SHEAR LAW EXFONENT (HERE 1ISED N="N")*

FRINT "FOR 1004R,T<5E3, N=4"

FRINT “FOR S500-R,T<SE4, N=5"

PRINT "FOR 3E3<R,T<8ET, N=4"

FEINT "RECALCULATE WITH HRIZPER N4 [F NEEDEQD®
N1=2%N-1

C2=H2+NM2/(S+N2+H2)

Y=1

YO=1/(NT+1)~1/(NT+2)

Y=Y+1

Y2=C27 (Y -1) /N1 =142¢Y) =027 CY=1 2/ ONT425Y)
YOsYO+Y2

IF Y2<,0001 THEN 1370

5aTN 134%

D3=(1-C2)4N13Y)

FRINT "DELTASTHETA="1/03

PRINT "ROUNDARY LAYER THICKNESS (FT1="02/03
PRINT "ROUONDARY LAYER MOMENTUM THICKNESS (FTy=vp2
FRINT “BCUNDARY LAYER DISPLACEMENT THICKNERS (FT)="D2¢h
G070 1215

FPRINT "SEPARATIDN IS PDSSIBLE"

GOTOD 1235

PRINT "SEPARATION MUST KaE QCTURRED
60701325

FRINT "19 NEW SHEAR LAW EXPONENT DESIRED FOR RECALCULATIONT(Y/N)";

INPUT B$

IF B$:"Y" THEN 1540 :

PRINT "ENTER NEW SHEAR LAW EXFONENT";
INFUT N

G0TO 1040

FILEMI="GDATA"

G5
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1442 FOR I=1 TO NO
1443 INPUT B0, ACT,1),ACI,2)

1444 X(D)=A(I,1)

1445 H(D)=A(1,2)

1446 NEXT 1

1447 CLDSE W

1448 FOR I=t 10 NO

1449 FRINT "T="T3"X="A(1,1);"H="A(T,2)
1450 X(D)=A(I,1)

1451 NEXT I

1452 60TD 310

1470 FILEMI ="GDATA®

1480 FOR I=1 TO NO

1490 PRINT H1, USTNG HE . #4434 CT 11,4 1,7)
1510 NEXT I

1520 CLOSE #1

1530 60T 3190

1540 ENJ
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BARTZ

Bartz method [18].

inEut
quantity

Y

R*

Cp

x/r* vs, r/r*

output
x/r¥*, r/r*, §**/p* §/r*, §*/r*, DELT/8, TW/TO, HG along the nozzle

wall

e,é

sxmbo]

K

R8
PO
TO

M0

RO

KO

C1

K1

Hl
T9

at the nozzle exit

Program BARTZ

is a fully turbulent boundary layer program applying the

exE]anation

specific heat ratio

gas constant (ft 1be/1by, R)
stagnation pressure (psia)
stagnation temperature (R)
stagnation dynamic viscosity
(1by/sec in.)

throat radius (-)

throat radius of curvature (-)
specific heat at constant pressure
(Btu/lbm R)

wall conductivity (Btu/in. sec R)
wall thickness (in,)

film coefficient-coolant side
coolant temperature (R)

nozzle wall contour
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S OpRTET NBRGRRAN Z3RTI-FULLY TURROUINT BOUMDARY L 4vI¢” g
10 DTN X(29,3),A803),T8{11, 8025, X

D WHOHEH BEHEN R AN BESHE HYLHER MM 99 98 3 -
30 DEF FNX(MI=(2/(K+1)+(K-1) MM/ (K+1)) " ((K+1)/(2%(K-1)))/N

o
40 DEF FNY(M)=(K+1)sH/ (HeN*(K-1)42)-1/M . ;
50 DEF FNA(N)=T*(1+4(K-1)%N%N/2) .
40 DEF FNB(M)=(1/T-1)8V"(-1/7) e g
70 DEF FNC(M)=(K-1)#NxM/((2+(K-1)+K+H)$T) ~ G
80 DEF FND(M)=FNC(H)#V*(2/7) h
90 DEF FNS(M)=1/((0.58T#(14+(K-1)%N+N/2)+0.5)"(0.6)*(1+(K-1)sMsM/2)"(0.15)) o
100 PRINT "TURBULENT BOUNDARY LAYER IN COOLED C-D NOZZILE" AR
110 PRINT "BARTZ METHOD, MODIFIED BY HHK 7/1/74" t
120 PRINT "“ALL BL. THICKNESSES DIMENSIONLESS IN TERNS OF R-THROAT" wob
130 REM: NOTE THAT INPUT DATA ARE IN UNITS CCNFORNING WITH BARTZ ol
150 PRINT "ENTER GAMMA,GAS CONST,P0,TO,M0,R0,KO0"; o
160 INPUT K,R8,P0,TO,H0,R0,KO0 - T
170 PRINT “ENTER C-P,K1,L,H1,T9"; s
180 INPUT C1,K1,L,H1,T9 >
190 PRINT “ENTER NOZZLE GEOMETRY X/RO,R/R0O"

200 PRINT "NOTE THAT THROAT (R/R0=1) MUST BE ONE OF LOCATIONS" <
210 NN, RRENRNN.RRE  RUNREN.NNN i
220 PRINT "ENTER # OF POINTS (<25)"; h
230 INPUT N Ty b
240 PRINT "NUMBER OF POINTS="N o
250 PRINT "POINTN X/RO R/RO" N
240 PRINT "GEOMETRY FROM FILE 37"; 3
270 INPUT AS ‘
280 IF A$="YES" THEN 2250 =
290 FOR I=1 TO N ]
310 PRINT "ENTER X{"I'),1),x('1" 2 S
320 X(I,3)=1 IO
340 INPUT X(I,1),X(I,2) 2
350 FRINT USING 20,1,X¢I,1),X(I,2) o
360 NEXT I I
370 PRINT "SHALL DATA BE STORED IN FILE 3?"; ‘ T
380 INPUT B oo
390 IF B$="YES" THEN 2300 ot
400 PRINT "GANMA="K;"GAS CONST.="R8 ~
210 PRINT “STAGN. PRESS.="P0;"STAGN. TEMP="T0;"STAGN. VISC.="M0

420 PRINT “THROAT RADIUS="RO;"THROAT CURYV.="KO RO
430 PRINT "C-P="C1;"K="K1;"L="L;"H-E="H1;"T-E="T¢ 23 t
440 U0=(2/(K+1)) " ((K+1)/(2%(K-1)))*PO*5QR(K+32,174/(R8*T0)) '

450 R9=RO+U0/NO .

. 460 P=AsK/(9+K-5) Sl
-Q 470 N1=C1+M0/(RO*H1) 2

-, 480 N2=L+C1#MO/(RO*K1) .
e 490 N3=0.02284R9"(3/4)/P"(0.44) N

" 500 PRINT "REF. REYNOLDS R="R9:"FRANDTL §="P o
v 510 M1=F"(-0,34) \
'2 -
L) .
1,8 E
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X5

et
OB 520
N 530
T 540
L g
VA 560
f.:: 570
ol 780
TN 590
o 500
L $10
o 620
N 430
e 440
o 450
- . 040
470
’\, L 680
" (-.' 490
Yoo 00
I 710
o 220
s 230
T 740
S 750
DA 760
N 770
o 780
![ 790
800
e 810
N 220
TSN 830
240

{

L]
A

B A

T

AN A A R S ]

6070 1130

AQ=R"2

IF C=0 THEN 440

M8=1.4

GOSUB 580

GOTD 430

A1=FNX(¥8)

IF ABS(AQ-A1)<0.0001 THEN 430
H9=HB+{A0-At)/(AOXFNY(NB))
N8=M9

GOTO0 580

H=N9

RETURN

STOP

M8=0.01

60SUB 580

GOTO 440

I1=0

Z1=9

D0=0.05

22=71+D0

1%=11+D0/2

IF 791 THEN 780 _
I=11429°7+(1-19)+00/ (1+R0+79-C0%29¢29)
11=72

GOTO 720

RETURN

12=0

11=9

B0=0.05

12=21+D0

19=21+400/2

IF 291 THEN 880

(L, B50 I2=12429°74D0/(1+B0*29-L0%29+29)
.:u: o 840 21=22
. 170 5970 820
f .. 380 FSTURN
e 390 IF K171 THEN 910
e e 200 F-1,29% (1451 )R (X2-X1) /SARC(K+1)4K0./2)
o 910 NO=I
T 920 GOTO 940
e 930 F=1-S*(M1+M1-2%51-3)%L06(R2/R1)/ (4 (1-M1+M1))
e 940 FO=0,0285+FNS(M1)#(UT1+R1*R1/R9)“(1/4)%{X2-X1)
A 950 F2=(F1°1,25+F+F0)"(0.8)
A 960 RETURN
el 970 BO=FNB(M)
o 980 CO=FNC(M)
o 1000 BO=1/T-1
S 1010 CO=FND(N)
N 1020 RETURN
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o 1030 G1=F1sK8#(1-T7)/(18+R1) e
- 1040 G2=F2+K9*(1-T)/(194R2) ;
It 1050 50=1+9+(L0G(G1)-L0G(G2))/8 al
00 1060 63=5.02565+FNS(H1) I8+ (W1/R9)*0.254SAR(RT):£(X2-X1)/(KB*F1"1,25¢F"(0,46)) 1
A 1070 G4=68"(9/7)%G0+63 B
N 1080 G9=(ABS(G4))"(7/9) .
N 1090 NA=NI*FNG(H2IHR2(=3/2) kU2 (1700669 (=1, 71 /F27(1°3) 5
- 1100 T221-01-T9/T0)/(1+NA%(NT+N2))

1110 PRINT

p 1120 RETURN =
- 1130 0=t T
N 1140 C=0 .
o 1142 Q=0 o ]
1150 FOR 1=2 TO N N
( 1160 X2=X(I,1)

1170 R2=X(1,2) .
Xt 1180 R=k2 -
N 1190 IF 052 THEN 1920
- 1200 T=T7

o 1210 T1=77 ~
® 1220 GOSUB 1249 =
7 1230 5070 1540

o 1240 R=R2
. 1250 IF R=1 THEN 1270 o
1260 GOSUR 530
o 1270 N2=M o
{ 1280 GOTO 1300 -
- 1290 N2=1 =
2 1300 V=68 5
" 1310 GOSUB 970 ol
.- 1320 GOSUB 490 2,
vy 1330 19=I1 |

1340 GOSUB 790 g

1350 J9=12
- 1360 GOSUR 1000 ta
“ 1370 GOSUER 490

- 1380 K9=I1 N
1390 GOSUB 790 <
Y 1400 L9=12

= T410 U2=7+19/FNA(M2) o]
! 1420 S2=(FNA(N2)/7-19)/19 o
- 1430 GOSUR 890 T
A 1440 IF Q=2 THEN 1460 L
2 1450 GOSUR 1030 o]
® 1460 17 073 THEN 2139 -
1470 RETUSN ]
- 1489 £0SHE 230 ' W, ;
o 1490 IF R2:1.00001 THEN 1520 3
- 1500 C=t

v 1510 0=0 -
° 1520 NEXT 1 ]
o T
b p
“» - !
73 B
o "o
-3 1
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SHERY :
A {
DN 1530 GOTO 2220 :
o 1540 IF 0<3 THEN 1710 !
(: |' 1550 IF ABS(T2-T1)»0.01 THEN 1880 ‘
8 1560 A(I,1)=F2
‘O 1570 A(1,2)=F2+FNA(N2)/(7+19)
S 1580 A(I,3)=52#F2
PN 1590 a(I,4)=69
IR 1600 A(I,5)=T2 .
1‘ 1410 A(I,48)=NAsCI+NO/RO {
ailiod 1620 A(I,7)=A2 |
oo 1430 PRINT " X/R0 kRO DEL++/RO DEL/RO  DEL®/RO DELT/DEL TW/TO  H-G"
o 1640 PRINT X23R2;F2;F24FNA(M2)/(7%19);524F2369;T2;NA+C1+N0 /RO )
SIS 1460 PRINT "COMPLETES ITERATIQON FOR FOINT"Q
. 1580 PRINT "WHERE R/RO="R2;"AND MACHN="N2
(' - 1490 18=T2
1 1200 60TO 1722
N SO T=T0=TY
SN 1933 3070 148)
- 1730 £1=47
- . 1740 ®1=F7
s, g 1799 R=Q+1
2 N 1760 F1=F2
T 1770 68=69 ;
) 1780 M1:=M2 ~
N 1790 13=19 ,
< 1800 J8=J9 ;
e o 1810 K3=K9
L ! 1820 L8=L9
o 1830 IF Q<3 THEN 2140
S ‘840 T7=T8
T 1950 S1=52
T 1860 U1=42
’ 1870 RETURN
A 1880 T1=2¢T1eT2/(T1+T2)
' 1890 T=T9
1900 GOSUER 1249
1910 GOTO 1540
1920 F1=0
_ 1930 =y1
v _ 1935 X2=X(1,1)
1936 R2=X(1,2)
1940 GOSUR 530
1950 M1=M
1940 G8=V1
® 1970 T=7720.25
v 1980 GOSUB 970
e 1990 GOSUR 490
SR 2000 I8=I1
o 2010 GOSUR 790
» 2020 J8=12
TS -,
® ' 2030 GOSUR 1000
A |
2 x -
SR
L “
,.
Q |2
o L4

.

.'\.}' X\ ..‘ .‘i‘
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N 2040 GOSUB 490 -
SOR) 2050 K8=I1

2060 60SUB 790
2070 LB=I2

o a S
vlal

o 2080 Wi=7+IB/FNAMT)
e 2090 S1=(FNA(M1)/7-18)/18
i 2100 0=0+1 iy
> 2110 X1=X2 -
-'\J 340 —-p
2120 R1=R2
_‘ 2130 GOTO 1150 -
o 2140 G9=Y )
e 2150 GOTO 1090
N "140 T7=T7 -
F 2171 GOTA 1950 2
- 2180 G9=68 -
- 2190 W4=0
hN 7200 PRINT "POINTS 132 GEMERATE IHPUT, EXEFT FOR DEL++/FQ AT FOINT 2¢ KX
0 2210 50T0 1470 e
3 7220 R8=ROAF2FNA(NI®(1+(¥K-1)+M2eN2/2) 0.4/ (7¢19¢R24R2)
o 2230 PRINT "AT LAST STATION, REVNOLDSH RE,FREE STREAM,DELTA="RS -
.“ 2240 GOTO 2340 ]
- 2250 FILE #1="RDATA"
- 2260 FOR I=t TO N -
2270 INPUT #1,XCI,33,X(I,1Y,%(1,2) o
2280 NEXT I N
2290 GOTO 400
' 2300 FILERI="RDATA" -
L 2305 FOR 1=1 TQ N J
\3 2307 PRINT ®1,X01,30,X(T,14,X¢,2)
R 2308 NEXT I .
;:ﬁ 2309 CLOSE #1 o
¥ 2310 FRINT "NOZILE COORDINATES STORED IN FILE BDATA" -
> 2320 6OTO 400
2 2340 END 53
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{- N Program FREES

Program FREES calculates the free shear layer development,

' ‘
N AAS

ingut
quantity symbol exElanation

"i(vH LN
-"

'_1.

d
AR

ra
»

Wil

Y G specific heat ratio
flow profile exponent

M M1 exit lip Mach number

. .
-

3=

2 o e g
o s’s“'.,'.".,‘.’ DA NA
e
=]
=

Mys M2 jet surface Mach number
R R1 Reynolds number based on velocity

boundary layer thickness

’- {t.'a__n_fl. ¢
»

5
b Jad 4
-

ALNRPE T

output
J Shear stress and eddy viscosity functions and spread rate parameters

f
s 10

along the plume boundary.
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5 PRINT “FPROGRAM FREES-DEVELOFMENT OF FREE SHEAR LAYER"
10 DIN AES,100)

15 P0=3.141592

20 PRINT “THIS VERSION WITH PLOT,HNK 8/30/80"

30 PRINT “LINEAR MIXING PROFILE IN EXPANDED 1/N FROFILE &,1."
40 PRINT "THIS VERSION OF 8/28/830 CAN HANDLE THIN APPR, R.L."
50 DEF FNZIF)=F "NSQR(1-01-C1 2¢F "2} 4P ({6-1)/G))

S0 DEF FNCiMI=SARIM 2. 727 (G- epm 210

20 DEF FNMIF)I=F "N&kFND(F)Y /¢ 1-FeFaClelty

B0 DEF FND(F)=(1-(1-0Y"2#F 204 v 13-4 /61) 0,5

D0 MEF FNRIFI=CTNSI1-F 2wl "2

190 DEF FNVIFI =026 (-FI+ 06001400 701= 000 /020075 )

120 FPRINT “GAMna=";

130 IweiT 3

140 CRINT “ERGFTILE EYPONEMT ®=';

130 THRLT o

190 PETAT "ﬂ?:":

125 [NPYT A

195 BRIMT naize

190 INFUT 2

200 FIINT "8 OF [NTZGRATIIN QTEPS=":

BAESSHS IR

Q20 CRINT MCATIR RTVAZLDN BOU-ASQELTANY

S30 [NERT R

240 K=1242 78 au2

250 IT=vd=FR=1=1

260 R9=10"74,7%94+0 . 9749 %4240 29 THM2" 7,

PROEEE TR SRS IEY. E ERAPRA TR KX B T MRS AR AN YA RSN

280 FRINT "GAMMA="RITIPSTREAN &,

, l’ , ' '
IR I

%

2
g v sl
LA L ]

H.L, PROFILE RYP, ="M
790 RRINT “MIz"M1 " "M2="MI " F2 1zl
390 RFEINT CREYNDLLS 8,01 -3-DELTAL =R G TS TONST 0 2
310G PRINT "8 OF INTEGRATION STEPS="D;"RETNOLDS #, TRAVE,="209

120 Trafuiin

SIN TN=CNT M

I T AR S5 A RN QR NS R NAD R I R R
JE RTINT "SIMILARITY VALUE FOR JO="J3

140 ZT=RR T 100 2) 000

170 f=y ERRE BT}

180 i1=73=0

100 I%=18+19

00 F1=z=F

18 IF AFSOF1-FRI 0001 THEN 47
420 D=0t

140 F2=zF1+1/0

A50 FO=(F14F2) /2

LA
o

R i

N 340 IF FOxt THEN 1873

~ 470 A=FNDIFO;

e ABD T2=T1FNMIFOY & iFafF 1y

}:: 190 /2= P (=t /0 eNEN $TNT TR EIF DT
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- 300 Y3=Y2
510 DI=T14P (-1 )sN«C1/ (= 1+L0GCCT+FND FI) /e 1=FNDF Y ) 1 /0 20 FNDNORT ) ) )
920 D2=I2#P (=1 )xN.C1/ (=1 +L DB CC1#FNDCF2)) Z0T=-FNDIF2)) ) /i 2eFN(E 20 1)

%30 IF D1=0 THEN 550
G40 Z7=24P {10 kD1 EFNDITY NS IN

33 g WO

e 550 T26P (=1 1w EFND(F ) 4N /N0 .
X G40 2= 1AFNACFI#(F2-F1)

.
>

22y

v GTOOTFE D1=) THEN 509
HRO 28=J01%77

- 490 IF [1=0 THEN 440

B A0 ROZSBR(I -1 1=/ ERBFT 1) D) EINR TG
A1 ¥0=20/02

iy J

P ?I-b

‘- 520 J2TI14FNSIFO I iER-F 1)
330 BI=FNDIFT .
i 440 £3=00/073 =
. S50 2020w (-FARLORC T #0305, (1-00) /(240 %)
EN A4 Tz T
oy AT IT Mt THEN §93
430 T9=4)
- A0 LO=SRRI - - FNDF I e R {0
- By
AL
oan
-, h-’ . . l
- "3) BRINT CBHI-1 T sUF I RHI -1 Teth 2 D
e ijl -’;’[‘]T "."‘HI-‘_‘.‘\_"::"F-'JII‘” ":‘:":"‘:"HT‘_}-’ [‘! "="!:~]:|(F:‘,*'C2
TG0 EETMT MYy eat s i PELTA/DELTAIE R
el FRINT A0S 0eALDIiTAY Y -0

~
A4 va
L= ISl

FRIAT " 10-%ATI0="'0/13
P§Y IT=FHDCFO

v, 790 :F :!'_‘:.'_\ T'-,EN '1‘:.\

R
b 209 TeILTH(1= O 2HLD0N) 4
~ 949 FI1=00/03
Q25 722(75424° 72
!l SR 1 B E S T NI SURT, VR RYLS SO NS B, SRR P Tt B
N SF LR AL DT S RN DR TR By LARAS L BT
SR SATTHE LR )RR I ARC]-0TRCDD)
" ASE OTF o=l TRIA AT
s 130 BRINT UGLERR STREST FUMCTION=Z TII™Ead D IS0ASITY & 0T g d
DRI SR E TR SR 04
- ng0 GLSUE 1709
. 096 1F YQ0={ THEN 9190
- 2 FRINT “;/DELTAY, LAR.="Y2
S TN RDZOCDRRI (DRI (T DN LY Ty
“ 20 FRINT "REYNOLDS # R/, ¢ ="R2
o 230 IF F2 RO THEN 1339

749 17214

2 2§ 1521
\ G f1z2(2

530 1112
san s
> D9 v1=¥d
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1900 F1=F2 3

1010 §0TO 410 '

1020 Y3=Y2 , B

1925 1=J

1030 FRINT Ef

1040 X1=Y2

1050 PRINT "EQGE MF SHEAR LAYER REATH:D" iz
A

1955 U= .
‘940 RRINT -
1970 G0==18L0B1 1005 tan iR -
108G S1=NRCTeI2 T=v2eL2"% it . =
1090 T1=Ctune i Cay kil () -0 ~
W T2siTen? AR R

1110 B2=i814c: 90 ;;

TN PRINT VTUNELTATz T NG TS 1T a2

130 T2=vInT -0t

11y =2 -
150 0= it :::
112D *R] -
Prth Rl 3 .
ey If &
1190 Tais 10 -~
o0 F3s
1ty Ils o
VIor Ta=nl EE ) I BT :-:
1230 1l={1+1 o ’
240 R2TICDMReXDaf ki 10t i LT Dy =~
PITO OBRTNT Y UTTUCALL AM, 2 I U RT IO IOl B f L) |
1250 TITMT -
1T A 1=YT
1295 Y3212 )
17 IF BT2Ceqs THEN 1970 A
1IN BOSJE 1785
1310 30T 1o =
bR o
FIINOTT Gt TRETH LA -
1733 Fg=f
1152 Gs19e0 ES
VIE0 rag=) -
PIT0 ¥ g=d .
"800 A= g
118D GOTR 410 -
1425 PRINT "TRAMGITIIN 4y ALCURED®
14G5 I=. .
141 20=0 &
1420 32212 T

o€ D LI e Q

o 1439 Q7= L
- 1440 Y1=2 o
! 1450 5081% 139 -
e 1480 BRINT nonELTAY, TURE, 02

"O PATQ TH=SRQI00 ket 0D e T T R KA
e ——

e
XY

I,.'
7

0L
XA

X
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]
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1480 S0=T1x1-CO 2102 (A 1-[2&L2))

149) FRINT "SHEAR STIESS FUNCTION="T1UENQY-Y/IS00SITY FUNCT[ON="ES)
1500 GOSUR 1790

5070 949

wn
—
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" ' 1520 GOSUR 13550
oo 151¢
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’,
Program ASUEXPT ;
n‘\ e
Program ASUEXP calculates the sudden expansion and impingement of a N
. .': \1
. plume on a solid cylindrical wall, o
N
- input i
o quantity symbol explanation 4
. ;
Y A specific heat ratio f
S re/r* R8 nozzle exit radius !
- 8, o nozzle exit lip angle (deq)
r M. B nozzle exit Mach number
' 2 uy co measure of the local rate of
N
acceleration near the nozzle
._ lip [12]
rimping/re 0 radius of the impingement wall
Re s c(s) Reynolds number based on
]
[ ] velocity boundary layer
) thickness
:ﬁ §/r* D velocity houndary layer
- thickness at the nozzle lip
= n
t: oy OUtEUt
E! ’ Peak pressure ratio, location of pressure peak, inviscid impingement
o e
bq j} angle, base pressure ratio and location of the viscid pressure rise.
L]
X
|
$ "This program was written in HP-BASIC and run on a HP 9830A,
" b E

45, 9
T el
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con ctasy

RINT “FLUME IMPRLT OM CYLINDRICAL WALL. ZEFO BLOW~Eve THEOIFY RND EVFL1L1 T i
PRINT "PLUME IMPINGEMENY ON A CYLINDFICAL HALL. HHb 3 31, T3

PRINT "ITEPRTIVE SQLUTION FOR FINDING ZEFD EBLOW~EY CAIE. HHN 2 5 %

o)

<

@ FRINT "CRALCULATION OF RFPROXIMATE FLUME IHAFE”
S

»

.“0

FFINT “FOP IDEAL OR HOM=-IDEAL CONHICAL C-D HOIZLES”
BIM DIL33.102521

S DEG
3 DEF FHRC SATH . SRR =tele LE-3% 1 ¢
S DEF FHEC L sATH A SOR I =Wab s I+ {E=33 1 aZ=ATHIE+ 3= 10 0
20 DEF FHRtHM.s0i2e A= )sMaMI v A+ID 0t B4l Zecf=1 0 1
€5~

DR
TeS PEINT "NHOZZLE FLOW SPECIFIED”
.

Y DITP CENTER GRMNMA="S
TS OInFuT A

& FRINT "GAMMAZ"A

S DIZF 1% HOZILE JLDEAL COHICALS™S

3 IHFUT DS

S DISF "EMTER NOZILE ENIT. THROAT FADIUS RATIO="S
3 IMFUT PR

DIIF "ENTER HOZZILE EXIT MNGLE="S

THFUT

FFRINT "P-E Fe="RIi1“THETA«L~F «DEG ="C
W=l

GOTD =1

FRINT

F=t ' A=1+ 'R+l 13,5

S2FNAR L WY

M=l 2=13+30

Maz=HTH F. TRHY G

= e v F=H

DEF FHLCVrsin vR+1 20120 C1+ i f=] rellells
Ta=FHE WL

AL T

L Y]

N AR

@ =10
S SOIE 290
SRR
GOTD 209
B |=||1-::,:_.|::—l.-Ft_7_':,n;|1[:|.f.
2§ L=@TH K- F~ATNI K. F?
a9 FETLRN

(ROl TR TR RSl VES RN TIT S RINREES ST TR E RR S
GOTD 103

IF D&=""EZ" THEN 233 -

FRINT “HQZZILE IS HAT IDEAL COMHICAL”

DIZF "ENTER HOZILE LIP MACH #="3

THRUT &

Wi=g

FRINT "NOZZLE LIF MALH HUMBER="
DI:F "ENTEF ELIT YHLUE OF Ui=s"
INFUT €

Hi=Cn

FRINT "ERIT VRALUE OF Uls «FROM M. DL, 2="T0
DIzF "ENTER RADIWS OF IMPINGEMENT. LALL=":
THRUT

FRINT “RADIUS RATIOs IMPINGEMEMT HALL="Q
cl103=q

¢ G070 220 .

988 LSOT0 1039 -
PPINT "IDERL COMICAL SOURCE FLOW NOZZLE"

D DL INEY e

-

o~ m

RIS AT AT A A

@
a
3
)
£
2
3
-1
o
%
]
4
<
Q
a
2
a
a

R R D NN SN I A S

D00
WD WO
DND

993 B=W1=FNOQ(R8*RPS22. 1 +LOS(WI)))

1000 PRINT "NO2ZLE EXIT MACH. NUMBER="W1

1095 CO=2U2=3#SINCWI) #SQRCFNCIWE ) )~ (Wl *W)

{810 DISP "ENTER RADIUS OF IMPINGEMENTs WALL="}
1013 [NPUT @

1929 PPINT "PADIUS RATIO, IMPINGEMENT WALL="Q
1022 C(10]1=Q

1923 GOTO 830

1030 Wr=H2+WE

1933 C{11=A
1045 C(2 =Wl
109% CL33=C
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Y35

1066 DISP "ENTER RE-DELTAla"

101

1067 INPUT CLS)

1058 PPINT “PE-DELTRI="C[5)
. 1269 DISP "ENTER DELTRL-Ps="

.- 1070 INPUT D
1071 FRINT "DELTALl/R#="D
tar2 DISP "ENTER B.L. EXP. N="3

L]

-t b e b a s b o bt 0 n e e B e s P Pt e
s e e s s e et s s o b b b P e 0= (D)

0o -

h.ﬂ'DlJOUIDMQIJ'DMOGJIUI'JLR&

R R R I Y Y N Y R L L

L]

1073 INPUT N

£L1% 12N

DISF “ENTER FIRST ESTIMRTE 0=
IuPuT Jﬂ

FRINT "FIRIT GUESSs Ila-FACTRF=" 10
tf11l=J)o

ZOTO 11eS

DEF FHO

Ml=1.4

M2=FH I ML

IF RESCH-MZ Y O, 0001 THEH 1iSS
M3z el oML T MiaMlerAq=-1 +Z0-1 M1
MIsMleu =M. FxsMa

Mi=M32

GOTd 1129

FETUFMN M2

DEF FHM oS E R+l crei 4 Rl oiiell Zrot v A+l s 2o A=
tL1z1=P2

FFINT "B.L. EIF. H="N

Ll )=l F2

LOAD #5.2

END

D -

0 1 oom frEsl

18
1<
a
39
3%
43
as

-
v .
N

- .
S

)

=1 T A e

-

)

X
(Y

L I IN]

v

A TS
£) o= pes e DA S A D LR TN N

- e e pe e v gy g) OO - )
O WD AT

-‘_.-._-.'_..

W]
-~
-3

“
-0
S

19%

O s o o o N
WO N~ JANRAUR DL S WWIN
AODNQUDRONDADWN

FREIMT “JET IMPINGEMENT ON CVULIMDRICAL WALL. HHE 3 2S5 av
nImM ASC3Y.EB80 200802

DIF "DATA ENTEFED Ev DISITIZER="V

{HFUT EF

IF ES#"VES" THEM Z30
PFIMT “DISITIZATION OF STRIF-CHART DATH™
FRINT
FPINT "DIGITIZEF COIFDIMATE OFIENTRTIONT
PEINT
EHTER -?-o'HsT
Ta=ATH: i
FRINT HNbLE THETR="T-130 FI°©
DIN BO1OQ«Z) R 10O 2T D0 100 2

DISP "ENTEF DRIGIN COOPDINRTE

THEUT 32
FEINT “OFIGIH OF GRFAPH AT LOCATION = i3 ys=""s
DISF "ENTER »3. REF. “RLUE X R:I5="3
TNFLIT 3

FPINT “PEF. “HLUEs ! Allz="449
WRITE Sesn

ENTEF 44140470

REkA-Ng

FRINT 49

DISP "ENTER %y FEF., YRLUE v AX13="j
INPUT Y9

Yo=y2-Y8

PRINT "REF. YRLUE %1y v AXIS="Y9.
WRITE <9 )

ENTER (9e42X1s¥)

DISP "ENTER # OF POINTS"}

INPUT N@

PPINT "NUMBER OF FOINTS="NO

FOR I=1 TO NO

HRITE (9 %)

ENTER (9,#>DLI.12:D( 1,22

HARIT 200

NEXT I

FORP =1 TO NO
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BCI1,23=DL1,21#COSTO=-DC 151 J=2INTQ
HE!:T 1

FOR I=1 TO N@
ROT, 1 ]=X9+BL .

HE:'T !

FOF I=1 TO MO

FRINT “I="1¢R{I.123R0TI21
HNE.'T I

DISF “SHALL DATR EBE <TORED="?
IHNFUT FA$

IF AEWR"YES" THEN 23

STORPE DRTA #Sy4.R

FEINT "HOTE DIMepgo.2.”
FFRINT “IF POINTS T BE FLOTTED CONT

DIZF CFIIINTS FFROM + EVEORFD="S
INFUT ©$

IF CE#°VES" THEM 24
1R "ENTER # FOINT

<

THEUT H )
ForF 1=t T N
DI:F "ENTER A T )

.I
INFUT ALT«e13eRlT2])
FRINT “="18" = "ACl«1 33" v="ACI 2]
HE'T |
GOTO 249

LMD DRTR #5444 R

DIZF "HUMEER 0OF FOINT: IH FILE®
IHFUUT H

SUTO :TS

H=Hg

S FOF I=1 T2 H

FRIMT "I="1s"= A0I+103"v="ROT1.21]

[HFUT FleFZetleitZ

CRUITT D1y PI-Fle 10GFLARZ
FOF =F1 TO FZ STEP «P2-Fl. 1D

R K B Rl O

Fop =0t TQ 22 STEF +02-010 19
PLOT Flseed

CFLOT =-7y-9,3

LABEL 423,Y

NEXT Y

LABEL <2¢1,.S591.7+¢248-150
FOPMRT F6.3

DISP "ENTER # POINT FRIRS="S
INPUT N

FOR I=1 TO N

PRINT "I=2"[3"M="R{1y11i"¥V="RlI1,2]
PLOT ACIyi ALl

CPLOT -0.3,-0.3

LRBEL <#>"0"

IPLOT 9y0

PEN

NEXT I

STOP

4% P=I[ 10

$E%S FFINT "RyW-R«E="F

3OFLOT et

S CFLOT -4.-2

0OLREBEL 43900

S NELT &
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R X}

. FFINT “DATRH LOADED FFOM DI FILE #47

HE!T I

FRINT

FEINT "OF 2 OF S TIMEZ jOtH”

FFRINT

QISP "ENMTEF =MINel=MAI«V=MIH o =MRTS

SCALE -0, 13P2+1, 1+F1e1.1-FZ-0,1-F1.1,

FEINT "DRTR STOFED IH FILE 4.0H FLOFFY DIGCT

14571

Tell=1enzel, 02—,
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$60 K=Cl1)

S?a PRINT “K="K o

€78 DEF FHRACY)=CIK#lamtk=lsyey « Zover
c2@ v=C[16]

S99 Mi=v
€3% FRINT "M®.0=2"Y
oy FasFHRCY)

.3
e0S E=C(17]

1S FFINT “Drts DR« FERTTRCHMENT="E
9 As1-FHACY
L FRINT "lJle="~2+R+E
L==-2+R<B
[I1:P "ENTER INTEGFRTION STEF LELTH-I Fol=':
INFUT D
FEINT “"INTEGFATION ZTEF DELTA I Fel="D
=012
FLOT 0F3
FoF I=1 TQ 19
n::ml—-c--3,-1-Fuﬂ-n1-'J-@n
. F2=FHFP M
FEINT "¢ FeH="l+F+Di"F FO.H="FIi"Hez="NZ
BERLTS S 23 (
FLOT P
My=M2
HE!'T 1
FEM
LI |
Fl=0[13]
FRINT “: Fo»
FFINT “F.E
T4 DEF FHF'L.‘
S FLOT D.P1
9 FLOT 1sF
FLOT a.F
3 FEH

. EMD

L
LX)

<D
I LAYN |

el

Es MITC,="018"0 FeE-INYIZC. =700
FOuH="F1i"F«FERL FON="F3
RIS REHEAYEE S SEE L S

1
B

1 oCom Cf2s)

145 P1=rt%1

159 1=C{73-Cl6]

234 PRINT "X/DELTRs FINAL="1 '
240 K=12+2,76#M2

2%9 ZH=Y0=F8= =i

AN 260 P2=101(4.754+0,039%M2+0, DS3=N212
bl L, 279 P=((1+(G- 1)*"1?2/2)/(10(6 1)*"’?2 PR LN T
e Y, 280 PRINT “GAMMA="G3 "UPSTREAM B.L. PROFILE ExP.="N
s 7 290 FPRINT "Mi="M1}"M2s"M23"P2/Pls"P
ﬁz 300 PRINT "REYNOLDS #,(1~A~DELTR1)>="R1}"SIGMR (CONST, '="K
A 319 PPINT "# OF INTEGRATION STEPS="Di "REYNOLDS #+ TFARNS, ="F9
" e 320 CisFNCMY
o A 330 C2sFNCM2
L% X 249 J3sSQR(1=-(1=-C212 #EXPCLOGC((1+L2) v 1=C22) C2=2" L2
P 3%0 PRINT "SIMILARITY YALUE FOR Jos=" )3
E,s - 260 T1PsPIac-C112312 /00
& L)
f‘ '«
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19 DINM ﬁET-T.] Bl2e20 k[ 279

9 FRINT "THIS YERSION WITH FLOT HHE = 200 20°

33 FRINT “LIMERAR MIVIHG FROFILE [H ELFANTED t M FFOFILE E.L.
49 FRINT "THIS VEFSION OF 223 -39 CAHN HANDLE THIH AFFF. E.L.
S5 DEF FHZ(F v=FtN. SRR 1=t {=Ci P2eF 1S 0eFt vi5=1 1500

v DEF FHI MI=SORMEZ 72 v G=1 v #MT30 0

T LEF FHMWF =F TN+ FNDF P1-Ftzellte

0 DEF FHDF =)= 1=C112sFt20sPtova=1 5100, S

3 DEF FHACF =FtH- v 1-Ft2+0112)

100 DEF FHY(F 1 =D2ev =FI+LOGI0 1400 P10 1 Ze 200

113 FLOAT 4

129 5=C011

129 H=[1%5]

120 Mi=CL2]

135 M2=C{141]

149 [=10
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ITO FaVisli=j1=0=Q
380 X1=23=0

139 JS=1E+10

400 Fi=F

419 IF FI#F8 THEH 449
429 I=D-19

430 De=)

430 Fi=F1+1-D

449 COSUE 450

435 GOSUE 240

347 GOTO 419

4SO FA= FLeF2 . 2

450 IF F3 § THEN 1920

470 R=FNDF3

433 1Z=11+FHMF 3= FZI-F1

4 W 14Fti =1 GoeHel=FHIF 2« FZ=-F1 .

< VIsWE

K Dl=lleFtr=letel] «=1+L05 ¢ 1+FHDOFL - C1-FHDF1 v« ZoFHLFT - -
S DislZeFtiwloeHel] - =1+L05  1#FHDFZY P 1=FHDFZ + « Z«FHDFZ

< IF D1=9 THEN SS9

:T=“°Ff(-l'°'l°FNDFl°N D1
ZzieFti=1 w1 #FHDFZ#N- D2

Dl @ THEH €29

=L0F 1= 1=0FHLFL » 12 =ELPTED
[ % Iy
JU+FHRF 38 FE~F 1
[ 2sFNLFL

F4=0u 3

A DA AT w A DA R AR LAY

O

)

Ix] :?‘nl"'F4*LQGE'1*03"'1-0ﬂ}w'f&.pg..
Ia=J)z-2
IF D) THEH =39
29=9
CO=30R = 1~ FHDFZ 120 +EF 100
=g 22
yo=1 THEM T2
FFINT

FEINT "PHI-1.1:="F1i"FHI-1) [+1 2"F2
FPINT "PHI-2/I'="FHIF1 023 "FHI-2 1+1 ="FHIFZ .
PRINT "¥2 v1="vZi"DELTA DELTA1="DZiD1

LAY RS AR RN D TR I AY AR GO I PR, I STTY SO IO O X V)

L Rl e Il Il e I Bl 1 E00 1300 1900 PO P AR P P PR O O O R X

e e (58 S8 070 60 4T W0 A0 9T 0TS $TS 6T 4T 8
—
no

v FRINT “J0=" 038 "YU DELTAL="Y¥Z-D2
T3 FRINT "Jo-FATIO=" Jo/J3
TV OPRPINT DIRIZRJ1823FLIF2INL802
TEA CIsFNDF2
b IF Z3=0 THEH 1459

ZEECier 1= 1 eCE12 0 D2

:4=DE°“-F3*LﬂGﬁ'l+E0)sf1-00?ﬁf(3*03))
T1=20FPl»01-C212-1 % Z4=230 -7 D2~D1>
EG=T1‘<l-C012}*02/fR9(1-'s*CZ )

1 IF Zo=1 THEN 870

) FPINT “SHEAR STRESS FUMCTION="T1:i"EDDY-YISCOZITY FUMCTICH="EQ
870 /2=X1+124-23)%21-22

&80 GOsUB 1790

899 IF Y@=1 THEN 919

990 PRINT “"X/DELTAl, LAM.="X2

910 R2=(C2*R1aX2#P%((1-C112)>/(1-C212))>12)/C1
920 PRINT "REYNOLDS # R-/2:X ="R2

©30 IF R2>R9 THEN 1320

933 RETURN

940 Z3=24

95@ 25226

960 X1=x2

370 I1af2

980 Ji1=J2

990 Yvi=y2

1900 FisF2

1010 RETURN

1920 v3=v2
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19030 PRINT
1040 N1=X2
1059 FRINT "EDGE OF SHEAR LAVEF RERACHED"

1079 ~u=-1+LDGt(1¢C°‘f-l-cahﬁf-sqtzf
1030 S1=HsCi#I2.P=-v2+(2 Tl-
1033 TisCleN* )2 P- Y’»C-. 1=C2r2n
1109 i?--~~c ,«,‘1_.,,,.

-ADELTRX="T3=“DELTH DELTAL="DZ

T 8. -\of e l 'r

L-7°L:*-T1¢T s D

JO=I0R (-0 1=0EtE ElFL Y 02

FFINT "Ja="Ja

FEINT “1Q-FATIO=" 13 I3

I[F PR3 THEN 1x2d

oty "-~1-I0-JH~L_ DRI (R
3=E9 £2

-t ae -
Cim JSen 2
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1#!-4-_~-~ 1-22
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FEINT " DELTAI«LAM.= “3 "REVHOLDER B 2ei="F2
FFINT
=2
VIsVIed
IF F2 CE+O8 THEH 1520
SOSUE 17
GOTO 1199

FEINT
.n 0 THEH 1400

TFHN ITION HAS QUCURED”

QOIUE 19%0

FFEINT " DELTALs TUFE.="52
Ti=20FPlec] C212-10%0 24~ sV DE=D1 s
EQ=Tle(1=lQt2 e 2 R ~C2e0
FRINT "SHEAP STFESS FUNCTION
FEINT T13128 018 J2SF1SF2xL1TNS

QITUB 1790

IF %9 THEN 1550

QOEUB 940

GOTO 410

GOSUE 13%0

GISUB 1790

GOTN 14609

F3=C0-C3

1551 IF O#1 THEN 1%€0

1352 23=U4

15%3 CaTO 1579

1560 l3=24

1370 Z48FNYF2I

1980 X2=X1+4(24-23)#K*D2/(FNYF3*50FRF1)>

1881 PRINT X13X2yF13F2

1382 PRINT "238"231"24="24;"F3s"F33"CO= (0} "C3="C3
1990 RETURN

1600 S$2sY3#C212/(1-C212)>

1610 D2=(S1+S52)/%0

1620 FRINT "Y2/DELTAl="Y3} "DELTAR/DELTARL="D2

1630 T2=vY3#C2/¢1-C212)

1640 L=2+C22(T1+T2)/D2
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1€ 1660 FRINT " J0="Jo

o 1670 FPINT " JO-RATIO="J0 J3 3
o 1680 F3sCQ-C2 .
o 1699 Z3=Z4 e
‘o 1700 Z4sFNVF3

t 1710 U214 Z4-230eb oD FHYF 3SS0RPT D ..
-~ 1712 KLy 22 -
Y 1712 K020 11200 el
Bl 1720 Flm C2#F el ZeFs s | =012 0 f=03t200 30 (]

1730 FRINT “X-DELTAls TURE.=":23 "FEYNOLL:Z® F Z..="FZ

- S IF 31 THEN 23£% -
T~ UE (T3 o
o < 1+0.9% .
(\ 1780

~ 1779 IF FZ 2E+07 THEN 1329

- 1720 COTD 1899 .-
- 29 101 dY=Al L, D=2 X
& 209 AL & 4)=D2 -
~ 219 +02+J1=R0 3001200
5 329 4o M]=k 2 "V EQADZY .
! 330 BB E s “.
1N 331 ACE. )1=12 o
\" S3I2 R[TNI=A2 -
- 239 FRINT
5 550 FRINT " =) .

5952 nE 1 THEM ZTta £a

el £D FRINT =
- dz el

.~ FETUFH o
AT 1Edd 3
ITAF '.{'
Za FEINT

C FOPMAT Zie™ 0" e300 DELTAL o200 "DELTA DELTA« 1" 20« "FHI- } « 3¢ FE=-T"

( HEITE + 151340 iy

. Fop J=t To O3 -
. 1 IF 3 = 07 THEM 127a -
‘.‘.-' > AL 4. 11=0

» MEITE 1S 15%30% 0o Rl 1s JTaAL 2 J1eAL T 110Al e 0] .o
o HEXT J J
. FOFMAT 1F4.Q4E12, 2 ..

N FEINT "HOTE SCALE LGT.01sLETSOM0 =, 2. 2" -

) GOTO 2219

o Foap J=07 To 09 v

>t FLOT LGTAC L ST eAC 2001 :p
b HEST et
> LREEL <" J0"
o) FEM

I 1TOF <
oy FOR J=07 TO 0% ~
|i FLOT LGTLAC19J) Al S 1) 10009 '

HE~T J

- LREEL +<)"PE=%sT-10E4" ..
. : PEN -
- 2100 3TOP -
e 2110 FQR J=Q7 TO @9 :
e 2128 PLOT LGTCACLsJ 1D sRESsJ1- 20

- 2130 NEXT J e

- 213% LRBEL (*)>"Y2-20" '
@ 2140 PEN -

5 21%0 STOP

~ 2160 FOR Jt=Q7 T0 Q9 ,

~ 2170 PLOT LGTCAL1»J 1) AC25J1-20 N
- 2180 NEXT J o
*. 2185 LABEL ¢#)"DELTA-20" N

:} 2190 PEN

A 2200 GOTO 2670 .
F 221@ DISP "ENTER LOWER LEFT="; N

7 2220 3TOP -
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3260 “AXIS BHLGTI1G LGTO. 1+LiT1000 s

2270 VAXIS LGTR.1:0.1:49:1.5 -
2230 R=0.1

2299 PLOT LGTAS@ | 3

FLOT LGTA.1.S -

FEN -

CESERY- -

IF A 1900 THEN 23S <

GUTa 2239 .

Fok E=d T 1.5 STEF 0.% <

=9 FLOT LGTA. 1.8
FLOT LGTIO00.E

-y,

Al

FEN
NEXT B .
A=0.9 ‘

FLOT LGTH.@

FLOT LGTRY 1. S

FEM

3 A=i0eR

IF A 1000 THEH 470

SOTO 410

TTOR

TTRHDRFD

FOR i==1 TOD X

C=INT

FLOT e~it.lel

CRLOT =240

LABEL = " 101 INT

HE:T o

FOR =0 TO 1.5 ITEF 9.9

FLOT =1,Se7%e

CRLOT 2v-3,3

LABEL 7~V

HET v

FIFMAT F3, 2

FLOT -9.S+1.8s1

LREEL =+ "FFEE SHERF LAVEF AFTEF &, L., EIFRNILI.LNT
LABEL v+ «"BOUNDREY LAVEF EP."H"e FE«DELTR 1= 1
LAREEL ¢+ "AFFROACH MACH #="M1"JET MALH #="MZ
LAHBEL (< «"GRMMR="5G"3IGMA="}

FLOT 2,0%.0.1

LABEL =i DELTACLT

GOTO 2010

END

FLOT LET AL LT 30

FLOT LGT AL L 07 ) es 1,15

FEM

LABEL (3«1, Sel,T«Fl Ze2 100 TFANSITION
FLOT LGTCL 8

FLOT LGTC13+40.29

FEM

LABEL <+ "RECOMFFESZIOH START”

GaTo 3920

- IF 09 THEN 2820
AR IF F1:8.3 THEN 2965
AR Wysig
W2sn2
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¢ Uzsyl
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-, HeQm}
£ BL2+1)0AC 1rJ-11-1
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J=y3

¥1sWl

C3sys

F2=Bl1iH+1]

GOsUB 459 . .
IF ABSCBLZsH]Y 1E~03 THEHW 23TV
Hz=He+l

BL2oHI=z-]

sH2
QOTH 2320

FRINT "S0LUTION. U I="BL2eWIels” =" 108" JG-FATIO=" 18 12

IF AES(CC111-00. 1%
QL1120 43

CORD #5s 3

FEINT

FEINT "THI3 15 THE FINAL FEZULT FOF THE TUDDEN ENLAFGENENT FFLECEN

BOTO 332

TmPL 3o =1 140 KE 2y JI=KC 20 J=1 3ome IO Lo d=1T0 b C2e 2t 00 =1

FEINT " do=" J3"AT . DELTAL="1
CL11)=09.-33

GaTO 2992 ..
DIsF “IF FLOTTING DESIPED. ENTER 073
THPUT W%

IF Wasd THEW 3029

AT 193G

LORD #S. 1

COM 028
FRINT "PLUME [MFRCT OH CYLINDRICAL HALL. ZEFD BLOW-EY.

FRINT “"PLUME IMPIMGEMENT OM A CVLINDRICAL MALLe HHE o3
FPIHT "ITEFATIYE SOLUTION FOF FIHDIHG ZEFOG BLOW-BY CHA
FRINT “CRLCULATION OF AFFFOIMATE FLUME SHRFE"

FEINT "FOR IDEAL OF HOH-IDEAL COHICAL C-D HOZZLES™
DIM D032 1032 32)

DES

DEF FHA . =ATH S S0k 1 -
TEF FHE<x »2ATH SR L= e
DEF FMHRC(Mi=¢ Z4if=tspapl)
Z=1

v=l

FRINT "HOZILE FLOW SFECIFIED”
A=Cl1]

FEINT “"GRMMA="#&

Wisg=C[2]
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FzitR=13-+A+l15210, S

GSFNRCL/UL )

H=U3=15+90

H4=ATNC(F TANCG) )

WHSa(W4)7F-H

DEF FNCCX)BC(C(R+1 . 203K120/7(1+((A=1)#XaX)r2)
[9=FNCCWL)

“=10

GOsuB 890

O1=L

GOTO 903

Ka((1=X)/(X=-1/F*2))10,S

L=ATNC(K) 7/F-ATNCK/F)

RETURN

WE==23F 7 (COSCH4) P (C(3#RD=1)/(28(A=1)))#SIN(W4,10. )
GOTO 1039
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> %3S W2=Co

> 970 QaC[10] i
n 9?78 PRINT "RADIVUS RATIOs IMPINGEMEMNT HALL="3

A ag@ GOTO 830

o 238% GO0TQ 1339

23 E=i1=FHOP3#RI#2/( 1+003CH3H )
o 1080 FPINT "HO2ZLE EXIT MACH HUMEEF="W|
o 1008 CO=UE=33 INCUEY=30RCFMC W) . W1+t
e 1918 LIZF "ENTER FADIUS OF IMPINGEMENT. WALL=":
1018 0=Cl19]
1920 FFINT "FADIUS RATIC. IMPIMGEMENT WALL="0D
- 1025 GOTO £30
., 1930 MT=HI+Ns
- 1048 D=1, Z<Wl
1045 FPINT "FIRST TRIAL JET MACH HUMBER"
- 1055 Jo=C011)
i 1950 FRINT © J0-FRCTOF=" 1@
- 1955 I01+11=D
1970 FRINT " JET SUPFACE MRCH HUMEER="D
107S J=FHC(D;

o~ 1939
o L
g 1939 02=L
1335 EZsUS+F«r02-01-FHACL T +FHR. L EBD
. 1139 D1=EZ-H4)>-19
‘< 1145 BO=NHS
- 1119 El=ud
! 1115 Cl=u7
1129 GOSUE 1139
. 11285 138
o 11209 ¢ =3 5=
o 1138 {
: 1140 D
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